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SI I’lUSLIMINAllY HEM AUKS 


i. No sulijcct has supplied inaltci so iniorcsUng to the conlQipplalivo mind of man^asthestuiC'' 
of the Univeisc, and no study is moio pleasing than that which searches into the moans 
employed by the almighty Creator, in his admirable plan of providotfeo, for perpetuating the 
motions of the licavoiily bodies, and at the siimb %:‘^jilllbrding sustenanoo to every species 
of ciealcd beings, however numoious or however various. Wo need not then bo sftrprteed that 
auLhois have fioqucnlly indulged in extravogant exprcsbioiis of admiiation, wrlion coutomplating 
tlie woiks of Cl cation, who yot had voiy imperfect notions of the laws by which the gieat XJp- 
holdei of out planetary system'regulates the motions of the lioavonly bodies. They arc indeed 
peisuadcdthathe cicalod tiiom for wise and benevolent purposes, but with respect to'the globe 
oven which they inhabit, they Aequently have but little knowledge of tl)0 bCautiAiIly[,i||fltpl0 
means employed, to pfodiiqc that pouodical succession of day and night, summer ;an(V wittier, oil 
winch the changes of tcmpoiaiuic and succession of crops, tWt administer to tlie|ly8nfk'Of|narli 
aic made to depend. Ycl they pciccivc that the gonial rays of tile Sdn a^e variously (|fe(iid[h,utod 
over the suiface of llic globe, which is destined for man’s lempofsry habitation, aiiiTthey^aci'^ 
knowledge the bounty of a divine providence m thus making the different oljittfttCS CQjiCipCt'^ 
Ill the production of food for the support of all its inkflbltanls. It is-tlio'-bUsliiess of pyk^Sfi'; 
astionomy to examine, investigate, and explain the,nature of those phenomena whicl’m " '*'* 



untutored sensations of the pool} and to*satisfy thq dubious mind,,'tlij^the dcductS 
Newtonian pliilosq^y, being confirmed by febc most .accurate observation^, are/0(3i|^^ ^ 

The majestic appefance, on a fine night, of % bpundloSs expanse, 'St^|,de^^imlpaikhug 
goina of diffoiont apparent dimensions, isindpod 'a spooiacle.tljat'WiH Ovqr’j^j^iwadmiration 
of the boholdei 5 and wc aie disposed to'tPuItO'in the fepljn^S pf Cy|k 
casion looks “through natmc up^to natuM'iJ Gfod*’j 'buta' 0 as#l'^|i^® 3 s,not ,cpttV'lOt|Jhj 
one evening’s inspection may amuse, bqt tiotittstrucii 

constantly varying the ap^earanco of bfb fyoift al,l .appe^OlCa; 

unsupported ih her monthly cimqlt^^hnt feting Otheri^^t^srp fi^lf 
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next penodic couise, when we obseive that after the lapse of about nineteen yoais she leviaila 
the same stais in the same succession, that hci measiued diametei is not the same at each ic- 
tuin of hei entire orb, and that she is depiived of liei light at a time when it is most losploml- 
ent !n certain lunations only | our own senses tell us, not only that tins liimlnaiy changes hci 
place, and shines by bouowed light lefleeted fioin her body, but also that hci distance iiom us 
IS constantly changing, while yet she continues to attend the eaith, and, in the absence of the 
sun, to enlighten our daikness. These obvious changes in the appearance of a largo body at a 
distancefromoui globe, stimulate the mental faculties of man to cnquneinto thonnluio of those 
visible alternations of aspect Recoided obseivations of formci astionomcis on these pciioilic 
aspects, have fmnished data for computing the futuic changes that may be expected to take 
place to the end of time, supposing the laws to continue by which the vaimbic motions aie 
now legulated and piesei ved. In meditating on the peuodic ictuin of all the lunar phciiomcim 
that arise out of the vaiiable changes of distance, dnection, and velocity of motion, we aic led into 
the enquuy, not whi^, but how the invisible hand of an almighty Power duecls the path of so 
large a body m open space, and the enquuy that is thus diiected, erabiaccs the same consideia- 
tion with refeience to the othei moving bodies that compose oiii planetary system. By the 
union of plulosophical leseaiches with mathematical investigation, the nalure of the aerial paths, 
foimed agreeably to the properties or laws of planetary motion, and continued by the powei 
that gave them existence, has foitunatcly been disclosed, and the only dangci that is now likely 
to affect the piideof man is, lest he shoufd mistake the law of natuic /ortho Lnwgivoi lumsclf 

While we weie in ignorance, we^.^b8Rgb^(a,tta00d-^h(rangSf Of G the works o{ cioii- 

lOnlawT^d, jafid the Pohi nf _* 

to tho nature of whose .existence he capnQt apply his mathematics and his philLphy. Wc 
eave erefore the sceptic to contemplate the heavenly motions as he would those of a mill 

Iv h f‘ ^as to,tabulate the collections to be applied to the heaven, 
y bo esj^s arising out of theoucs that have been devised by men of the fiisUate talents and that 

in ordeTto explicable of, the vauous phenomena of the heavenly bodies, 

^ order to convert their apparent into their mean places, and the contiarv Our .mli.! 

this vdumejw (lescribe the most useful instruments that are serviceable in mikmir thfi n ' T 

^n^Mocwful m obtafng a few correct otaervaaonc. h,s decirc to apply thoao 
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* " Nature and Nature’s laws lay hid m night, 
God said-lct Newton bej nud'all was light" 
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observations to some useful purpose, and to be able to make such application by means within bis 
own command, will naturally stimulate him to become acquainted with the arithmetical work of 
several, if not all of the most interesting problems connected with practical astronomy. If our 
labours should eventually produce this olfect, in any considerable degree, our object will be 
attained; for the man who has interesting and rational amusement in his own-abode, even though 
he may not be so fortunately skilful as to benefit science or society by bis discoveries, will yet 
at least benefit himself and his select companions, by cultivating and promoting a taste for one 
of the most refined attainments. 

3. When the inexperienced possessor of a telescope first points his instrument to the sky, pro¬ 
vided the heavenly bodies are visible, his first astonishment is, that the star he sees is in motion^ 
though he had been taught to consider the stars at rest; and he is induced to ask, why he has 
entertained an erroneous notion in this respect ? But a little consideration will suggest to him, 
that this apparent motion may arise from either of two causes j the star may be in motion, or the 
telescope may be carried across the star so as to make the latter appear to be the moving body j 
and when he recollects tliat the earth is said to rotate on its axis, he becomes satisfied from this 
visible proo/that the earth really moves. This first glance carries conviction, which is strengthened 
at every subsequent inspection of any heavenly body; but after he has directed his instrument 
to difierent points in the firmament, he observes that some of the stars appear to move faster 
through the telescope than others, and that, if he happens to examine the pole*star among the 
rest, its motion is the slowest of all, and that it will o<^upy the field of his telescope for nearly a 
couple of hours. This fact leads to another important inference, that he has found nearly that 
point of the heavens towards which the earth’s axis is directed as it rotates. These are not matters 
depending on imagination, but are astronomical facts that may be relied on, and that lead to an 
important method of classification and arrangement of a catalogue of stars. Hence he will per¬ 
ceive the necessity of having instruments that will enable him to measure the angular distances 
of the stars from the polar point, and also the time corresponding to the intervals of the passages 
of different successive stars, or what is called their relative right ascensions. Thus on a sudden 
he finds himself initiated in the practice of astronomy, and he becomes more ardent in his pur¬ 
suit as he gains possession of new facts. When a number of accurate observations has been 
made on the apparent places of the stars, a comparison of these places with those determined in 
the last century, shows that changes have taken place either in the heavens, or in the position of 
the earth ; but on reference to the corrections arising out of precession, aberration of light, and 
nutation of the earth’s axis solar andTunar, the differences arc reconciled, and the reasons are 
comprehended, why the stars are not in reality in the very points of the celestial regions where they 
appear to be. The daily changes in the meridian altitude of the sun are indeed observable without 
an instrument; but the sensible change in his apparent diameter from day to day, requh'os the 
assistance of both optical and mechanical means to detect and to measure. With the former of 
these the vicissitude of the seasons is connected, and from the latter we know that the distance 
of the earth from the sun is not always the same. The admirable contrivance of giving the 
earth a motion round the sun, agreeably to a law common to all the planetary bodies, while, the 
parallelism of her inclined axis of rotation is constantly preserved throughout her orbit, occasions 
all the phenomena of the seasons, by bringing each pole gradually and alternately Within the 
reach of the sun’s rays, which, by this simple device, fall with more or less obliquity on the dif- 
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fereilt parts of the globe as the year advances, or as the earth proceeds in her annual tour. The 
succession of day and night is produced by means still more simple, namely, the rotation of the 
earth round its polar axis by an equable velocity. The annual revolution of the earth, however, 
is not performed by an equable motion, as we know from the difference observable in the 
length of the summer and winter half-years; but this difference is explicable by reference to the 
same cause that produces the apparent changes in the sun’s diameter, namely, the variable dis¬ 
tance of the earth from the sun, during her periodic revolution in her orbit, which is thus known 
to be, like that of the other planets, excentric. An union of the earth’s annual revolution and 
diurnal rotation, ^^ould not however produce all the beneficent changes of climate and of the 
ever-varying length of the days in those climates, which are favourable to a plentiful supply of 
seasonable produce, if either the angle of inclination of the earth’s axis, oi’ the due preservation of 
its parallelism, did not form a part of the divine mechanism by which this system of benevolence 
is supported. If the angle of inclination had been materially different from what it is, the cor¬ 
responding change of seasons would have rendered our existence on the earth probably less com¬ 
fortable, by occasioning a different distribution of light and heat: for instance, if the earth’s 
axis had been made perpendicular to the plane of her orbit, notwithstanding the parallelism, 
there would have been no change of seasons at all, and the days and nights would have been of 
equal length all over the world throughout the year; for the sun would have had ho declination, 
and the earth’s yearly motion could have been detected only by the sun’s apparent change of an¬ 
gular distance from star to star, .during her progress. On the contrary, if the earth’s axis had been 
parallel to the plane of her orbit, and always pointing to the sun, one half of the globe would have 
had constant day, and the other half constant night to endlete ages: but if, in this position, we con¬ 
ceive the patallelLsm of the axis to he preserved during the revolution round the sun, there would 
indeed have been a change of seasons, but of such a nature, that the whole northern and southern 
hemispheres would alternate^ have had perpetual day and night, instead of the regions only with¬ 
in the arctic and antarctic circles, and the transitions from heat to cold, and the reverse, would 
have been severely felt all over the globe. We have therefore great reason to rejoice in the 
provision that the Almighty has kindly made for the support and well being of all his creatures 
by te appointment of a favourable position to the earth’s axis, and by the continual preservation 
of that position, as it has reference to the celestial pole, to which it always points with such 

s ight deviations, as are occasioned only by the periodical attractions of other bodies that form a 
part ot the solar system. 


. bus impressed with a sense of the wisdom and goodness of the omnipotent Creator and 
iieserver of the universe, we are naturally induced to inquire, whether this our system is the 
OT^one t at is subjected to the laws of planetary motion, separated as it is from the stars at 
' ^measureable, or at least at such an immense distance, that the earth’s whole' orbit is only 

SLTT c The enquiry affords ample scope for the exercise of our 

knfwleLe instruments, and the discoveries we may make will enlarge our circle of 

mallscffo’v ? Jk " -hich our system stands to other systems, which 

concentiLs 1 and goodness such as transcends the grasp of our limited 

God’s woIvq fV^ V, ^ most probable means of enlarging our knowledge of the immensity of 

fiuous stars which ® ® apparent changes that are taking place among those conti- 

g us stars which are usually denominated double anf treble ; for the periodic variations of ap- 
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parent distance, and of the relative positions of different pairs, situated in various parts of 
the heavens, may at length determine in what direction our system is moving among the infi¬ 
nitude of bodies that compose the universe. With this view the subject has been taken up, and 
successfully pursued by several eminent astronomers, whose labours have been recently sanc¬ 
tioned by the marked approbation of various scientific societies. 

, 5. Another plan has lately been proposed, and partly carried into execution, for ascertain¬ 
ing whether any new bodies may hereafter visit our system, or any of the known ones depart from 
it, by means of a general examination and mapping of all the visible stars, down to the ninth 
magnitude inclusive. If such map were finished with correctness, it would become a document 
of reference to future astronomers, whenever a second examination of the same kind might be 
deemed desirable, or whenever the supposed loss, gain, or alteration of any star may rccpiire some 
standard of comparison. 

6. A still more satisfactory document of reference would be an improved and extended 
catalogue of the mean places of the stars that ai'c visible in both hemispheres, taken by the 
best instruments, and carefully reduced; including the register of their apparent magnitudes, 
respective colours, or other remarkable appearances, particularly of those that are known or 
suspected to be changeable. 

7. But whatever changes may hereafter be detected in the transposition of the solar system 
in tlic expanse of infinite space, we are well satisfied, that the system itself will not perish from any 
tendency to dissolution ; for, as far as our present knowledge goes, the elements of computation, 
that enable us to account for all the observable alterations taking place in the position of the 
earth’s axis, and of the phenomena depending on it, are of a kind that recur after they have 
attained their limit; and therefore we are convinced, that the laws by which the Almighty up¬ 
holds the system will be co-exteusive with his will. We feel fully aware that “the heavens 
declare the glory of God,” and that “the firmament showeth his handy-work.” 


§ II. ON THE SITUATION, STRUCTURE, AND FURNITURE OF AN OBSERVATORY. 

1. When a theoretic astronomer has made up his mind to purchase instruments and to become 
a practical observer, his first object will be to look out for a suitable situation for the site of 
his Observatory, and if practicable to make it his own, before he incurs the expense of 
erecting a building j or, if he should be so fortunate as to meet with a house adapted for his 
purpose already built, before be makes such alterations and additions, as will most probably 
be necessary, to render it in all respects commodious for the erection of his apparatus. 
The leading feature that must guide his choice of the spot where his observations are to be 
made, will be a visible horizon, particularly to the north and south, and if attainable, all 
round him : such a situation may require to be a little elevated above surrounding objects, 
and should be at a distance from manufactories, or other buildings that emit mucli smoke j 
it should also be at a distance from,swampy ground or valleys that are liable to be covered 
with fogs or exhalations: the ground should be on gravel or other solid stratum, and not 
too close to a public road, particularly if it be paved, and frequented by carriages. A large 
town is therefore the least desirable of any place. 
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S. Another consideration of importance will be, that the astronomer have access to some 
distant field where he may be permitted to erect a pillar on which to fix his meridian mark, if 
there happen not to be a building ali'eady standing in his meridian line, either to the north 
or south. When the new observatory at Cambridge had the foundation laid, the committee 
availed themselves of Granchester Church steeple, which affords the means of fixing a 
southern mark of the most permanent kind, and also at a good distance for a large transit- 
instrument 5 which circumstance has been advantageous in more respects than one. The 
distance at which a meridian mark ought to be placed, will depend mainly upon the length 
of the telescope, the condition being, that the object shall be visible with the solar focus of 
the instrument 5 by the small telescope of a portable transit-instrument, a mark may be 
distinctly seen at about a quarter of a mile without altering the focal length, which in this in¬ 
strument should never be disturbed ; hut for a longer telescope the distance may be required 
to be half a mile, or a mile, or, as at Greenwich, several miles, according to the length of the 
telescope. Whenever circumstances prevent the mark being placed at a sufficient distance to 
obtain distinct vision with the solar adjustment for focal distance, the aperture may be dimi¬ 
nished to an inch or less, so as to admit only the. central rays to form the image, and then 
the solar focus will not be limited to an exact length, and objects will be visible beyond and 
short of the true focal adjustment j but as the line of collimation may be affected by a change 
of the aperture, it is better to avoid this expedient. There is, however, one inconvenience in having 
the mark at a great distance, which is, that on a sonny day it will become very tremulous by the 
rays passing over a long stratum qf the lowest part of the atmosphere, particularly if ploughed 
fields intervene, or other grounds that furnish a plentiful supply of exhalations. The best 
rule for ascertaining the proper distance will be, to view several objects at different dis¬ 
tances, in the morning or evening, with the solar focal distance of the identical telescope 
intended to be used, before the place of the mark be finally fixed upon 5 for the nearest dis¬ 
tance that will admit of distinct vision at the limited length of the telescope, will generally 
be the most convenient, as well as the best; particularly in a climate that is subject to mists 
and sudden atmospheric changes. When the place for a meridian mark has been obtained, 
by the pole-star, to the north of the proposed site- for an observatory, it will be an object 
of equal interest, that a corresponding mark be placed also to the south, and therefore respect 
must be had to the same considerations that have been stated, as they apply to the southern 
side of the intended observatory. If nature has afforded facilities, and good neighbourhood* 
given its sanction, the aid of the architect may be resorted to, but not until the astronomer 
has chosen his instruments, and also ordered them to be executed , for their size, number, 
and quality must be submitted as. a guide for the plan that is to be adopted. It is an 
error that public-bodies have fallen into, that they have expended too large a portion of 
th^ir finances in brick and mortar, and too small a sum in suitable instruments and stipends. 
When t^e situation has a command of the hemisphere, and of distant meridian marks, the 
nearer to the ground the instruments are fixed, the better ; the main objects being steadiness 
and permanency of position of the pillars or piers on which the instruments are destined 
to stand j for every unknown deviation occasioned by changes of temperature, or settlements 
in the bases, will produce corresponding errors in the adjustments of the instruments, and 

* Meridian marVs Tiava QATn A+'TTYlilO J.T -.-t- — 1* "_ 
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eonsequently in the observations made by them, if not detected at the moment and corrected, 
A small building, or even the wings of a building of ordinary dimensions for a family, may be 
constructed so as to become a most useful private observatory. 

3 . With respect to the furniture of mi observatory, which must regulate the dimensions of the 
room or rooms appropriated to the making of observations, a transit-instrument and a good 
clock are indispensable ; and if no other instruments should be used, they will supply con¬ 
stant employment to an active observer, whose object is to determine the right ascensions of a 
catalogue of stars, or to observe the daily meridian passages of the planets and comets that 
may at any time be visible. If he has a small divided circle to give the elevation of the 
telescope as a finder, it will give the altitudes or zenith distances near enough, to furnish ar„ 
guments for the necessary reductions to the mean places. Astronomy would probably be more 
benefited if individual observers would confine their labours to individual instruments, and 
pursue a certain object for a given time with undivided attention. The use of a transit-in¬ 
strument will require an opening in the roof of the room in which it stands, both towards 
the north and towards the south, as well as in the zenith, and down the walls to the horizon 
and meridian marks : these openings should not be too narrow, so as to occasion currents of 
air into the room, which will be detrimental to the vision of the telescope. From experience 
it has been found that nine inches wide is too little, and fifteen inches not too much, when 
the doors are made to fit well, to open conveniently, and to exclude the rain and snow. The 
number of doors, and mode of hanging them, will depend on the length of the apertures and 
height of the roof. In a room only twelve feet wide we.have a single door only at each 
side of the roof, nine feet long and fifteen inches and a half wide, which opens at once, 
and the lower end of it is within reach from the stone that lies horizontally at the bottom 
of the narrow door in the wall, at each side; so that it is opened by the hand with 
perfect convenience by a person standing on the said stone, as a step eighteen inches from 
the floor; the vertical doors, in place of windows, are of the same breadth as the openings 
in the roof; and five feet high above the solid stone. The raftei’s covered by the edges 
of the inclined doors in the roof and to one of which the door is fixed with three si¬ 
milar hinges, is grooved and covered with lead to allow the water to run down; the north 
door that shuts last, being terminated with a ridge of tin that lies over the first or south door, 
excludes the rain ; and the plan is simple, economical, and effectual. There is no objection to 
the whole door opening at once, in a small room, because it soon acquires and preserves the 
temperature of the external air j and when the evening is calm, both doors maybe opened with 
advantage. The clock must have a niche in its own pier; and if a circular instrument of s^py 
description is to be used for measuring altitudes, zenith distances, or polar distances, a second 
opening across the roof, and down the north and south walls, similar to the one described, will 
be necessary for the use of this instrument, unless a transit-circle be used for both purposes, 
similar to the one formerly used by Mr. Groombridge, in which case one opening will suffice, 
as both right ascensions and altitudes, or zenith distances, will be taken at the same time. 
Should an altitude and azimuth circle, or an equatorial instrument be made choice of, they 
will require a revolving roof with openings and doors on two opposite sides, to enable the ob¬ 
server to follow a heavenly body, out of the meridian, across all the cardinal points. This roof 
should not be larger than necessary for giving room to the observer and to the instrument 
turning under it, lest its bulk and consequent weight should impede its easy motion, and re- 
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quire an assistant to move it. Such roof would also be useful when a simple telescope is di¬ 
rected to the heavens, either with or without an equatorial motion, whenever the planets or 
double stars are the objects to be observed out of the meridian.^ If the telescope, of either 
the refracting or reflecting kind, is unusually large, it will be not only most commodiously, but 
most beneficially used on a corresponding stand, placed on ^ platform in the open air. In¬ 
struments for making zenith and polar observations must also be well fixed*4Dn substantial ma¬ 
sonry, but will require only small apertures in the roof, that may be opened and closed by cor¬ 
responding trap-doors. 

4<. For portable instruments tripods of different heights, that may be moved into any conve¬ 
nient situation, will be found very serviceable on various occasions, both in and out of doors, as 
useful temporary supports. A fire would be detrimental to the uniform temperature of an 
observing-room, by causing currents through the doors ; it will therefore be found desirable 
to have an adjoining room to be used as a library or computing-room, which may communicate 
with the observing-room, and which will contribute greatly to comfort in cold weather as a 
room of occasional retirement, during the intervals of waiting, or during the tempoi'ary in¬ 
tervention of clouds, which frequently annoy the assiduous observer. 

6. It is hardly necessary to caution the young observer against the purchase of old and 
inferior instruments, which will occupy more of his time than good modern instruments, anti to 
his great mortification will afford imperfect results. The money that is spent in the purchase 
of two inferior instruments will buy one good one, as far as its dimensions go ; and the use of 
such a single instrument, when the true time is known, will always afford pleasure, which is one 
of the motives, if not the principal motive, that induces the independent amateur to devote his 
time to the rational pursuit. 

6. In erecting a public observatory there is another consideration which should influence 
the choice of its situation, namely the locality with respect to its longitude and latitude. In the 
present state of astronomy, observers that have first-rate instruments compete with one another 
in accuracy, and results may be derived more advantageously from the labours of diflerent ob- 
servers, when the situations of their observatories differ more in latitude than in longitude. If 
one observatory were in a northern, and the other in a southern latitude in the same meridian, 
or nearly so, the observations there made would supply data for many useful purposes, besides 
those which are their immediate objects: the south polar distances of stars, as observed at one 
observatory, added to the north polar distances taken at the other, would check both the obser¬ 
vations and refractions; for when the corrections shall have been applied, it is evident that the 
sum should he in every case 180<>. Again, the distance between the observatories, or their dif- 
ference of latitude, might be taken as an element in computing the parallax of a planet, as 
Mars, when observed at the same time at both places: likewise -many stars would be seen at 
one place which are never seen at the other. 

7» When however there exists a material difference of longitude, comets may be seen in 
one situation, which would be above the horizon in the day-time at another : and even in the same 
kingdom where clouds frequently occur, eclipses, occultations, and other phenomena will frequently 
be visible to one observer, which are invisible to another at no great distance ; so that the prac- 

tical astronomer is not under the necessity of quitting his home to render his observations 
useful. ‘ 
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1 . In our last section we recommended the use of u rotative domCj when iiistrtinients are used 
to observe stars and planets out of the meridian. Such dome may be made to turn round on 
a circular bed, placed in a horizontal position, on either a wooden frame, or on brick-work, as 
the building may render most convenient. There are two methods of producing a circular mo¬ 
tion in azimuth; the first that which was contrived by the ingenious Smeaton, and the second 
that which was first constructed by ourselves, at the suggestion of Trough ton, at East Sheen in 
Surrey, and which has been since copied at the observatories at Edinbui'gh and Cambridge, and 
at one of the militax’y academies, the last of which is an exact copy executed by Cubitt. We 
will first describe Smeaton’s construction by reference to a drawing made of a conical roof, con¬ 
structed under his direction for the late Mr- Aubert at Highbury, but which is now standing on 
the top of a brick summer-house in the rectory-garden of South ICilworth. 

Figure 1. of Plate I. is a bird’s eye view of the conical roof, when viewed perpendicu¬ 
larly downwards j it shows the different triangular boards of wainscot put compactly together, which 
compose the external face, and which, after several years’ exposure to the weather, is yet quite 
sound. The letters ^ and a are placed on two oblong doors that meet at the apex of the cone, 
and a piece of sheet-copper bent over the upper end of the door which shuts last, keeps the 
rain from entering at the place of junction. These doors are nine inches wide, but would have 
been more favourable for the good performance ofa telescope looking through, if theyliad been 
wider : they turn each upon four pairs of brass lunges, and fall back on being opened outwards. 
Fig. 2, is a section of this conical dome, the plane of which lies along the opening under the 
doors, and a a in this figure are the rafters that form the cheeks of the doors: the dome is.rcpre-' 
sented as standing on a wooden frame supporting a flat, to show that the building may be much 
larger than the base of the dome, if required: the interior diameter is 8 feet 4 inches. The 
wooden plate If which appears a straight line, is a circular broad ring to which the covering 
wainscot boards are made fast above the eaves, and cc isa similar ring forming the wall-plate or 
gang-way, on which the dome rests and revolves. The piece d d that carries .ten brass rollers 
is also a ring of wood bf the same dimensions as the two former ones, between which it lies. 
This intermediate ring is shown separately in fig. 3. with sections of its equi-distant rollers, 
some of which are seen in fig. S. more clearly. The intention of this ring is to diminish the 
friction, by giving a double velocity to the revolving motion of the conical dome, as compared 
with the motion of the ring itself that holds the rollers, and also by taking all the weight of the 
dome from the pivots of the rollers, which pivots are made comparatively small as they regard 
the diameter of the rollers, which are each five inches in diameter, and three fourths of an inch 
thick. If the ring d d had rested on wedges interposed between its face and that of the circular 
wall-plate c c,so that the rollers could not touch this lower plate, the superincumbent weight would 
have been carried by the pivots of the rollers, and the rollers themselves, while turning round, 
would have remained stationary, when the dome was made to re.volve, and an ordinary mechanic 
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would have thought this mode of fixing the rollers sufficient for the purpose of giving easy motion 
but Smeaton knew better, and therefore diminished the friction a second time, by making the 
rollers bear the weight on their circumferences, while, they revolve in a groove on the wall-plate 
c c; the consequence of this contrivance is, that the dome moves with just double the velocity 
of the ring d d\ for while it is carried once round by this ring, on which it rides as in a carriage^ 
it derives an additional motion from the action of the upper sides of the rollers, which may be 
considered as toothless pinions impelling & ^ as a large wheel; and thus the friction is only one 
half of what it would have been, if the ring h h had been stationary. This ring is divided into 
five arcs by as many hinges, that, in case of any part shrinking or swelling with the changes of 
weather, the weight may still press alike on all the rollers. The other rings are made into two 
semicircles, and united in their places at the time of the erection of the building. The under 
face of the ring is also grooved to receive the upper edges of the rollers, and a few bars of 
iron are attached to it, which descend and turn under a circular projection on the edge of the 
ring or plate c c, to prevent the dome being overturned by the wind. Fifteen handles within 
the moveable ring d d, which are shown within the figure, are for the purpose of pushing 
this ring round, and with it the whole dome, into the position that any observation m’ay require. 
If the instrument to be used within this dome be of an ordinary size, it may stand on a pillar 
rising from the ground j but if a large refracting telescope be required for any extraordinary pur¬ 
pose, its object-end may pass through the opening between the two halves of the cone, and a 
support may easily be made to slide up the cheeks of the door by means of a pulley, so as to give 
it any degree of elevation, while the lower end may rest on an adjustable stand within. Fig. 4.. 
gives an enlarged section of the rings and of one of the rollers and cranked iron bars, together 
with, one of the rafters, or door cheek, from, which a correct idea may be entertained of the con¬ 
nexion that the different parts have with each other without further explanation. The central part 
of the cone, distinguished in both the figures 1. and S., is covered with copper, which is nailed 
to a solid interior ring of wainscot, to which the upper ends of the triangular pieces arc made 
fast, and near this small ring a rod of metal unites the cheeks of each door, and ties the two 
halves into one cone. The principal objection to this construction is, that the grooves formed 
in the rings h h and c c are liable to alterations from the swelling and shrinking of, the wood, in 
different states of the weather, which cause them sometimes to set the rollers fast, and to pre¬ 
vent the power of one man from moving the dome round, which unfavourable circumstance 
led to the contrivance of the following construction. 

S, Figure 5 represents a section of the rotatory dome at East Sheen, which turns round on 
three detached spheres of lignum vitae, in a circular bed, formed partly by the dome and partly 
by the cylindrical frame work, which surrounds the circular room of nine feet diameter : a sec¬ 
tion of this bed forms a square which the sphere just fills, so as to have a small play to allow for 
shrinking; and when the dome is carried round, the spheres, having exactly equal diameters of 
about four inches and a quarter each, when placed at equal distances from one another, keep 
their relative places, and move together in a beautifully smooth manner. These spheres act as 
friction rollers in two directions at the four points of contact, in case any obstacle is opposed to 
their progressive motion by the admission of dirt, or by change of figure of the wood, that com¬ 
poses the rings of the dome and of the gang-way. Here no groove is made, but what the weight 
of the roof resting on the hard spheres occasions j and the third intermediate ring, that keeps 
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Smeaton’s rollers apart, is entirely omitted, though, as in his construction, the dome itself moves 
twice round for the balls once, and has therefore its friction in the same manner diminished. 
The wood of this dome is covered by Wyatf s patent copper, one square foot of which weighs 
upwards of a pound, the thinnest kind weighing exactly a pound j and the copper is so turned 
over the nails that fix it at the parts of junction, that not a single nail is seen in the whole dome. 
This covering will no doubt render the dome more permanent than it would have been if made 
of wood alone, but it is found too hot in summer for an instrument that is graduated to stand in, 
and harbours insects which breed in great quantities between the warm metal covering and the 
wood, which shrinks with the heat, and makes crevices for the admission of flies. The dome at 
Cambridge, being made chiefly of iron, may be less liable to this inconvenience. In the dome at 
Edinburgh we have been informed that lateral rollers are superadded 5 but why they were deemed 
necessary we have not learned. We have put the same letters of I'eference to figure 5 that we put 
to Smeaton's dome, that the corresponding rings and doors might be understood without a repe¬ 
tition of the description. The pillar in the middle of this roof ascends 36 feet from the ground, 
through two stories without touching any floor, but its height was found too great for the di¬ 
mensions of its base; which circumstance would have been still more objectionable, if it had 
been exposed to the solar rays. The two halves of the dome are united by brass rods passing 
through the door-cheeks of wainscot at a and a, by means of nuts that screw upon their ends as 
seen in the figure, which union allows the dome to be separated into two parts when there may 
be occasion to displace it. . * • 

4 . Figure 6 shows a small door that lies over the summit of the dome, and may be separately 
opened for zenith observations j the rod of metal, with a ring at the lower end passing through 
it, serves to open and shut this door by, and at the same time carries upon its upper end a large 
ball, that falls back on the roof when the door is open, and keeps the door in a situation to be 
acted on by the hook of a handle that is used for this purpose: the doors a a being curved, are 
made to open in two halves, the upper one being opened first, on account of its covering the 
end of the other; and the observer may open one, two, or more doors as may best suit his pur¬ 
pose. The weight of this dome is such that a couple of wedges, inserted by a gentle blow be¬ 
tween the rings b h and c c, will keep it in its situation under the influence of the strongest 
wind, and a Gregorian telescope of six inches aperture, turning on pivots between the cheeks of 
the doors, was as manageable and as steadily mounted, as on the best stand that can be con¬ 
structed ; for a lever with one end formed into a wedge shape, and inserted between the fixed 
and moveable lings c c and d c?, on being raised gently and moved gradually to the right or 
left, gave an uniform slow motion to the telescope, which enabled an observer to follow a star 
or planet in azimuth with great ease, and through any distance. A long refracting telescope 
might also have its object-end passed through the opening of this dome, and supported at any 
height, as was stated to be practicable in Smeaton’s. When the dome is elevated considerably 
above the floor, its doors may require some additional mechanism by pulleys or crank-pieces, to 
render the opening convenient; but the means that will best suit the case will naturally occur 
to the mechanic who is employed in the construction. It is to be regretted that this beautiful 
dome is no longer used for the purposes of astronomy, the property of the estate having been 
transferred. 
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§ IV. REFRACTING TELESCOPES WITH CELESTIAL EYE-PIECES. 


1 . A good telescope is an essential constituent of every useful astronomical instrument, and 
when well mounted on a firm and convenient stand, may be employed without any ap¬ 
pendages, in the examination of various celestial phenomena that otherwise might pass un¬ 
observed. By the aid of a simple telescope the immersions and emersions of Jupiter’s sa¬ 
tellites, the occultation of stars and planets by the moon, and the aspects of comets, stellar 
nebulm, and double stars may be observed with the utmost precision: and when the instrument 
is. furnished with a good micrometer, results of a most interesting nature may be obtained 
thereby. Telescopes may be divided into two classes, refracting and reflecting, which will 
require separate explanations: and as the former class is better adapted for an union with 
graduated appendages, on account of the lightness, compactness, and permanent adjustment 
of the parts, than the heavy structure of the latter, it demands our first consideration. 

2 . The refracting telescope was formerly of an unwieldy length, and very inconvenient 
for the purpose of magnifying celestial objects, that were invisible to the unassisted eye; 
but since the achromatic object-glass was invented, and.brought to its present state of per¬ 
fection, its tube is reduced to a portable length, without diminution of the amplifying pro¬ 
perty 5 and the prismatic colours, occasioned by a single lens, are nearly annihilated by one of 
the most ingenious and beautiful contrivances that human ingenuity ever invented. It is 
not within the scope of this work, to enter into a iriathematical detail of all the properties of 
lenses, with faces of different curvatures, and composed of different materials, either in their 
simple or combined state, with a view of developing the achromatic theory, which is the 
province of dioptrics 5 but to give a popular description and explanation of the several instru¬ 
ments as they come out of the maker’s hands, and to assist the young astronomer to under¬ 
stand them, and to use them in the most advantageous manner. 

3. It is scarcely necessary to tell the reader, that the first refracting telescope, as con¬ 
structed by Galileo, was composed of two simple lenses 5 a convex lens that formed the image 
of an object at its focus, and a concave eye-lens, which rendered that image visible by the eye 
under an enlarged visual a%le, and in an erect position. This contrivance, simple as it an- 
pears to be, excited the astonishment of the whole civilized world, by giving enlarged powers 
to the human eye, and by removing the obstacles opposed to natural vision, arising out of dis¬ 
tance immeasurable and • incalculable. Secondary revolving bodies till then unknown, and 
thousands of lucid points that stud the firmament, unnoticed by mortal eye, were then dis¬ 
played for the first time. Man’s curiosity was roused to devise means of rendering the 
aerial telescope a manageable instrument; and it is only from the influence of habit, that we 
cease to admire the wonderful effect produced by the powers of the telescope, when we direct 
and adjust it to distant objects. Afterwards a convex lens Was substituted for the concave at 
the eye, and the image was both inverted and reversed 5 but the power of enlarging the visual 
angle remained the saine^ while the quotient of the focal length of the object-lens, divided by 



the focal length of the eye-lens, was imaltered. In both constructions the prismatic co¬ 
lours produced by the rays of light, that were differently refrangible, tinged the images of all 
objects thus viewed, and pointed out the defect arising from the use of single lenses so cir¬ 
cumstanced. Another bad effect produced by the spherical figure of the lenses was a dis¬ 
tortion of the image, arising out of the aberration of the extreme rays, that were unequally 
refracted from different points of the transmitting surface: this defect was however presently 
obviated by the adoption of additional lenses, accordingly as the image was desired to be in a 
direct or inverted position; the' latter of which is as useful in celestial observations as the 
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which it is composed will admit. It is matter of much regret that large discs of flint-glass of uni¬ 
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standing the pretensions of certain foreign manufacturers to the secret of producing perfect speci¬ 
mens ; nor indeed have we many opticians, whose skill is equal to th# task of computing and com¬ 
pleting the true curves, for specimens of glass of different refractive and dispersive powers, 
particularly when the diameter is required to be above the ordinary dimensions, 

7 . In France and in Germany object-glasses have been attempted of eight, ten, or even 
more inches diameter, but we cannot affirm, otherwise than by report, that the best of these 
afford perfect specimens of telescopic vision. In England good object-glasses of five inches 
diameter have long been made by Dollond and Tulley respectively, and the latter artist has 
lately finished one of seven inches aperture and twelve feet focal length, of foreign glass, for the 
Astronomical Society of London, which performs most admirably**^; the art is certainly equal 

^ Mr. Dollond, we understand, is engaged in making an object-glass'of e%lit inches aperture of similar glass. 
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to the attempt, when the materials prove perfect. In the present state of optical skill one 
convex lens and one concave are found adequate to the purpose of composing a good object-’ 
glass, whenever suitable discs of both kinds of glass can be procured ; but good flint-glass of 
useful dimensions is so scarce, that a perfect object-glass is considered a valuable acquisition. 

8 . Hence it becomes an object of considerable importance to the cultivator of practical 
astronomy, that be should.be enabled to judge of the qualities of his telescopes, as well as of 
^heir magnifying powers; inasmuch as that the accuracy of his observations will be materially 
affected thereby, as well as his pleasure in observing. Generally speaking, no one can be ex¬ 
pected to be so good a judge of a fine object-glass as the skilful manufacturer himself, who not 
only computed the curves suitable for the refractive and dispersive powers of the respective 
pieces of glass used, but who, during the manipulation and gradual formation of the necessary 
curves, knew what final strokes were required to be given by his finishing tool, before he was 
satisfied when to conclude his last delicate operation. Having been frequently present at the 
examination of an object-glass nearly finished, and having been favoured with permission to 
witness the modes of examination in the different progressive stages of the work, wc may be 
allowed to offer to the reader, who may not have had the same opportunity, some directions 
that may prove serviceable, in guidinghis judgment in the choice of a refracting telescope. 

9 . Let us suppose, that an achromatic refracting telescope of feet focal length, and 31- 
inches aperture, be offered for sale, and that it be x'equired to ascertain whether the object- 
glass, on which its excellence principally depends, is a good one, and duly adjusted : some 
opinion may be formed by laying the tube of the telescope in a horizontal position on a tripod, 
or other support, about the height of the eye, and by placing a printed card, or a watch-glass 
vertically, hut in an inverted position, against some wall or pillar at thirty or forty yards dis¬ 
tance, so as to be exposed to a clear sky; then, when the telescope is directed to this object, 
and adjusted by the sliding eye-tube until distinct vision is obtained, the letters on the card, or 
the strokes and dots on the watch-glass, should appear clearly and sharply defined, without any 
colouration or mistiness; and if very small points appear well defined, great hopes may be en¬ 
tertained that the object-glass will turn out a good one. But this cursory examination will not 
always be sufficient for detecting slight imperfections, either in the substance or curves of the 
glasses, for a telescope may appear a good one, when viewing common terrestrial objects, to 
an eye unaccustomed to discriminate small deviations from perfect vision, though it may turn 
out to be an indifferent one when directed to certain celestial objects. Instead therefore of a 
printed card, fix a black board, or one half of a sheet of black paper, in a vertical position at 
the same distance, and a circular disc of white writing paper, about a quarter of an inch or 
less m diameter, on the centre of the black ground j then having directed the telescope to this 
object, and adjusted for the place of distinct vision, mark with a black-lead pencil the sliding 
eyertuhe, at the end of the main tube, so that this position can always be known ; and if this 
sliding tube be gradually drawn out, or pushed in, while the eye beholds the disc, it will 
gradually enlarge, and lose its colour, till its edges cease to be well defined. Now if the en¬ 
larged misty circle is observed to be concentric with the disc itselfi the object-glass is properly 
centered, as it has reference to the tube; but if the misty circle goes to one side of the disc, 
the cell of the object-glass is not at right angles to the tube, and must have its screws re¬ 
moved, and its holes elongated by a rat-tailed fi4 small enough to enter the holes. When this 
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has been done the cell may be replaced, and the disc examined a second time, and a slight 
stroke on one edge of the cell, by a wooden mallet, will show by the alteration made in the 
position of the misty portion of the disc, how the adjustment is to be eifected, which is known 
to be right when a motion in the sliding tube will make the diluted disc enlarge in a circle 
concentric with the disc itself. This effect may be produced by giving the blow gently on that side 
of the cell towards which the diluted disc inclines during its enlargement: viz. if the disc en¬ 
larges toward the right, the cell must be forced gently inwards on its right hand edge, 
by a gentle blow, and the contrary. When the disc will enlarge so as to make a ring of 
diluted white light round its circumference, as the sliding tube holding the eye-piece is 
pushed in, or drawn out, the cell may be finally fixed by the screws passing through its 
elongated holes. When the object-glass is thus adjusted, which the best opticians will not 
neglect doing themselves, when the telescope is an expensive one, but which the ordinary 
makers of common telescopes do not understand, it may then be ascertained whether the 
curves of the respective lenses, composing the object-glass, are well formed, and suitable for 
each other. If a small motion of the sliding tube of about one tenth of an inch, in a SJ- feet 
telescope, from the point of distinct vision, will dilute the light of the disc and render the ap¬ 
pearance confused, the figure of the object-glass is good; particularly if the same effect will 
take place at equal distances from the point of good vision, when the tube is alternately drawn 
out and pushed in. But if one of these distances be greater than the other, the parabolic 
figure is not perfect, but approaches towards a spherical or hyperbolical curve, accordingly as 
the inner or the outer space moved over is the greater. If in this respect there be an ap¬ 
parent defect, it must be cured by the workman himself. A telescope that will admit of much 
motion in the sliding tube, without sensibly affecting the distinctness of vision, will not define 
an object well at any point of adjustment, and must be considered as having an imperfect ob¬ 
ject-glass, inasmuch as that the spherical abexTation of the transmitted rays is not duly cor¬ 
rected. The due adjustment of the convex lens, or lenses, to the concave one, will be judged 
of by the absence of colouration round the enlarged disc, and is a property distinct from 
the spherical aberration ; the achromatism, depending on the relative focal distances of the con¬ 
vex and concave lenses, is I'egiilated by the relative dispersive powers of the pieces of glass 
made use of, but the distinctness of vision depends on a good figure of the computed curves 
that limit the focal distances. When an object-glass is free from imperfection in both these 
respects, it may be called a good glass for terrestrial purposes. 

10 . How far such object-glass may be good for viewing a star or planet remains yet to be 
ascertained, and can only be known by actual observation of a heavenly body. When a good 
telescope is directed to the moon or to Jupiter, the achromatism may be judged of, by alter¬ 
nately pushing in, and drawing out the eye-piece, from the place of distinct vision; in the 
former case, a ring of purple will be formed round the edge j and in the latter, a ring of light 
green, which is the centi'al colour of the prismatic spectrum; for these appearances show, that 
the extreme colours, red and violet, are corrected. Again, if one part of a lens employed 
have a different refractive power from another part of it; that is, if the glass, particularly 
flint-glass, is not homogeneous, a star of the first, or even of the second magnitude, will point 
out the natural defect by the exhibition of an irradiation, or what opticians call a mng at 
one side, which no perfection of figure or of adjustment will banish, and the greater the aper- 
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tuic, tlie moie liable is the evil to happen. Hence caps with diffei’ent apeitiues are usually 
supplied with laigc telescopes, that the cxtieme paits of the glass may be cut ofl| m obseiva- 
tions ieq[iuiing a lound and well defined image of the body obseived. 

11 . Anothci method of deteimining both the figuie and quality of the object-glass is by 
fii&t coveiing its centie by a ciiculai piece of papci, as much as one half of its diamo- 
tei, and adjusting it for distinct vision of a given object, winch may be the said disc, when 
the central lays aio inteicepted, and then tiying if the focal length lemains unaltcied when 
the papei is taken away, and an apcitine of the same size applied, so that the cxticme lays 
may in then tuin be cut off. If the vision leinains equally distinct in both cases, without any 
now adjustment foi focal distance, the figiuc is good, and the sphciical aboiiation cuicd, and 
it may be seen by viewing a stai of the fiist magnitude successively in both cases, whcthci the 
iiiadiation is produced moic by the extreme oi by the ccntial paits of the glass oi, in case 
one half of the glass be faulty and the other good, a semicnculai apoituic, by being tinned 
giadually lound in tiial, will detect wliatseimciiclo conlains tb6 defective poilion of the glass , 
and if such poilion should be oovoied, ilio only inconvenience that would ensue, would bo the 
loss of so mucli light as is thus excluded. 

When an object-glass pioduccs ladialions in a huge stai, it is unfit foi the incei puiposcs 
of astionomy, such as viewing double stais of the fust class, oi giving either tlie light as¬ 
cension 01 declination of a star that is large enough to bo affected Indeed the smnllei a huge 
stai appeals in any telescope, the bolter is the figuie of llio object-glass, but if the imago of 
the slai be fice fiom wings, tiie si/c of its disc is not an objection in practical obseivations, as 
it may be bisected without deflection from the small line by which the measuio is to be taken. 

1 ?. Among the Paiisian opticians a diaphragm is fioquently inserted into the body of the 
large tube, to cut off the extreme lays coming from the object glass, when the figure is not 
good, instead of lessening the apciLuic by a cap, and when this is the case, a deficiency of 
liglit will be the consequence beyond what the appaieut apeitiue waiiants, and in mca&ining 
the amplifying power of such telescope by a dynamctei, the measuie far exceeds the 
(quantity due to the length of the telescope, It will theiefoie always be pi iidcnt to examine 
that the diaphragm bo not placed too neai the object-glass, so as to inlcicopt any of the useful 
lays, 01 indeed any of the uys at all, if the object-glass be good. In the laigc telescope 
lecently finished by the Senior Tullcy, the whole apeiluic of Q 8 niches is allowed to be ef¬ 
fective, and yet the vision is as poifect as ait can make it with impcifcct materials Foi tins 
chef d^oeiivic two convex lenses of diffcienliefiactive powciswcie both adapted to the Geiman 
flint-glass, when English plate was used, the focal length was obliged to bo diminished Qj 
inches, by reason of its cliffeicnt dispensivc powoi, as compaied with that of the I'konch plate, 
of winch the other lens is formed. They peifoim howcvei equally well, and affoid an undoubt¬ 
ed proof of the perfection of the woikinanship. 

13 . An old Dollond’s telescope of 68 inches focal length and 3^ inches apeituio, supposed 
to be an excellent one, was biought to Tulley to be examined, when we wcie piescnt, and the 
lesult of the examination was, that its achromatism was not peifect. The impcifection was 
thus determined by expciiment, a small glass globe was placed at 40 yaids distance from the 
object-end of the telescope when the sun was shining, and the speck of light seen leflectod 
fiom this globe foiraed a good substitute for a laige star, as an object to be viewed. When tho 
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focal length of the object-glass was adjixstcd to this liimuious object, by the rack of tho eye¬ 
piece of the telescope, no judgment could be foiinod of its piismalic abeiiations, until the 
eye piece Jiad been pushed in beyond the place of coucct vision j but when tlie telescope was 
shoitened a little, the luminous disc occasioned by such shoitciung was sliongly tinged with 
tedmy<i at its cucumfeicncc On the contiaiy when the cyo-picce was diawn out, so as to 
lengthen the telescope too much, the disc thus pioduced was tinged with a small ciiclc of red 
at Its cenite, theieby denoting that the convex lens had too shoit a focal length , and the in¬ 
genious optician obseived, that if one oi both of the ciiivcs of the convex lens weie flattened, 
till the total focal length should be about foin inches mcicased, it would leiidei tho telescope 
quite achiomatic, piovidcd in doing Ihis the abciiation should not be incieascd. 

14 Whenever an object glass is undei examination, it will be piopei to have the object ex¬ 
amined by it in the ccntio of the field of view, whoic ihoie appeals the least distoilion of the 
object, ol hoi wise the judgment may be misled, patUcukily when tho eye-picco itself is not 
piopcily constiucted and adjiibtcd to the object-glass in qucbUon While a single lens was 
used at the eye-end of the caihcr telescopes, it was asceitamcd that the sphciical abciiation of 
a double convex lens was least when the ladii of then cutved faces weic to each otlici as 1. G, 
with tho face 1 turned to tho ladiant or object viewed • but with any single Ions it was found 
that the object viewed was both distorted and coloured, at the extremities of the field of view j 
and thcicfoie a combination of lenses, such as might diminish tliese unpoifcciions in the most 
sonsiblc niannci, became an object of investigation. 

15 Boscovick and Huygens proposed the constinotion of an cye-pieco composed of two 
lenses each, that diminishes the sphciical abciiation about foui times, which oyc-pieces diflbr 
liom each oUiei only in tins icspect, that Boscovick used two similai lenses, and Huygens two 
lenses Ihat had thou focal distances to cadi othci as 1 3 , but in both cases the distance hc- 
Jweon the lenses was equal to half the sum of then icspectivo foc.il disltvnccs. 'L’he lattei con- 
stiuction has been found the best adapted of any foi icflccting telescopes, .ind has tliciofore 
continued m use to tho picscnt day, but modem opticians have modified the jiosition of the 
lenses, and have adapted the distance between them to suit the pin poses of paiticulai telescopes. 
When distinct vision is the piincipal object of an aclnomalic lefiacling telescope, the two lenses 
arc usually both plano-convex and fixed with then cmved faces lowauls tho object-glass, at a 
distance fioin each otlici something less than half the sum of then focal lengths, the one next 
to the eye having about one thud, moio oi less, shoiloi focus than the othci 5 and a dinpliiagtn 
cutting off the extieme lays of the inner or laigei lens, called the field lens, is placed at the 
focus of the outei 01 eye-lens, wheie the imago foimed by the object glass falls; which cir¬ 
cumstance allows this cyc-piecc to lecoivo a divided piece of motliei-of-pcail, as proposed by 
Cavallo, foi a species of miciometei, This cyc-piecc having the image viewed by’the eye 
behind the innci lens, is sometimes called the negative eyc-pieco, and is that which the insLiii- 
inent makort, usually supply, of thiee 01 foui diffcicnt sues for so many magnifying poweis, foi 
the oidinaiy puiposes of simple vision. 

16. Anothci modification of tho lenses known by the name of the jposiiive or llamsden’s 
cye-piecc, is applied when wiies 01 spiclci’s lines aie used m the common focus, and tins alfbids 
equally good vision with the othei oye-piece, in this consliuctiop the lenses aie plano-convex, 
and neaily of the same focus, but aic placed at a distance fiom each othei less than tho focal 
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distance of the lens next Iho eye, so that the imago of the object viewed is beyond both the 
lenses, when mcasuung fiom the eye, lienee the piece, containing the two lenses, can be 
taken out without distiubiiig the lines, and is adjustable foi distinct vision , and wliatcvci may 
be the measmo of any object given by the wiie nnciometci, at the solai focus, it is not altoicd 
by a change of the magnifying powei, when a second eye-piece of this constiuction is sub¬ 
stituted* The flat faces of the two lenses arc tinned into conliaiy diiectioiis in this cyc-pioco, 
one facing the object-glass, and the othoi the eye of the obscivei, and as the image foimed at 
the locus of the object glass, lies paiallel to the flat face of the contiguous lens, cvciy pail of 
the field of view is disUnclal the same adjustment, oi, as the opticians say, llicic is a /IcUjicld, 
which, without a diapbiagra, pievcnts distortion of the object One oi othei of these two kinds 
of celestial eye pieces is now made a pait of cvciy lefiacting telescope of the acluomatic kind, 
and the choice depends upon the use to which the telescope is intended to be applied 

17. In Vol. 48, pait 1, of the Philosophical Tiansactions of Loudon (p. 303), is published 
a lettei addiessed to Shoit by John Dollond, which points out the ciue foi the spherical iihciin- 
tion of a lens used singly. This abciiatioii, the authoi says, 111 a single lens is as the cube ol 
the lefiacted angle, but if the icfj action is caused by two lenses, the sum of the cubes of each 
half will be j of the lefiacted angle j twice the cube of 1 being equal to 5 the cube of Q. So, 
thiee tunes the cube of 1 is only one-ninlli of the cube of 3, &c.; hcncc the indistinctness of 
the boidcis of the field of view of a telescope is diminished by iiicieasing the numboi of lenses 
in an eye-picco. The second impcifccUon of an eyc-piccc, aiising fiom the piismatic abcua- 
tion and pioducuig coloniatiou, the same author obscives, may also be cincd by means of a 
second lens lightly foimed and piopeily placed in the celestial eye piece 

Ramsden’s account of his impiovcment is given ni Vol. 78, p. 94, of the Philosophical Tinns- 
actions of London foi the year 1783, It may appeal a cuuous ciicuinstanco that any eye¬ 
piece which is good with a short telescope is also good with a long one, but that the icvcise is 
not tine, for it is moie difficult to make a good cye-piecc foi a shoit than foi a long focal dis¬ 
tance of the object-glass. 

18. Befoiewc can deteimmo the magnifying powci of aiefiacting telescope with a celestial 
oyc-piecc theoretically, wo must know what single lens is equivalent to the two lenses that 
compose it, and this cannot be known till their focal lengths and the exact distance between 
them aie coiiectly ascoitained by some piactical raeasui’cmentj when these elements of com¬ 


putation aie known, the following diopluc foimula will give the equivalent lens 5 ^ ^ rr (p, 

F ■Vj — d 

wheie F denotes the solai focal length of the innei, / that of the outei lens, d the distance be¬ 
tween them, and <p the focal length of the equivalent lens j then if wc put S fbi the solai focal 
distance of the object-glass, and T the focal distance of the same with diveiging lays, oi when 

c 

viewing a neai teuestiial object, the celestial magnifying power will be — , and the tciiestiial 

« <p 

'P 

powei — very neaily. If the lays that ate incident on the inner lens of a celestial eye-piece 


weie paiallel aftei passing the solai focus, this formula would give the solai powei tiuly, but as 
tliey must always be in a state of diveigence m every telescope after passing the said focus, it 
gives <p too shoit, and consequently the power too great, which has been observed to be the 
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case in piaclicc by Tiougbton, Tullcy, and otliois. The bellei way of a&ceilainiiig the gclcstml 
powci IS by moans of that beautiful small instiumcnt called the dynainctci, which we shall have 
occasion to desciibc and explain (§ XI ), oi by some othci of the mechanical methods which 
lake 110 account of the focal distances of any of the lenses. 

It may howcvci be piopoi to give an example of the application of oui foi inula to the 
detei mination of the lens (p, that may be substituted foi any eye-piece of given dimensions. 
Suppose that an acluoinatic telescope, with any apei'tiue, have the solai focal length of its 
object glass foity two inches, and that it has two eye pieces, one of llic Iluygcniaii consluic- 
tion, and the otliei of Rainsdeii’s, of the following dimensions} viz. m the llisl, F inches, 
y =: 0 75 , and d = 1 . 4 , and in the second, F = 1.4, y = 1 .^Jj-and = 0.95, and that the 
icspective powcis P and P bo icquiied? 

Foi the powci with the nuygcniaii eyo-piocc we have Ff t=: 2.5 x 0.7<5 = I *875, and 


1 ? + / - d =0, 5 f- 0.75 - 1.4 

= 41 44 = P is the magnifying powci 
1.4 X 12 = 1.68, and 1.4 + 1.2 


= 1.85 , and = 1.0185 = <b ; then 

' 1.85 10135 

again, in the Ramsdou’s cyc-piccc we have Ff = 

- 0.95 = 1 05, and “ 1 .OlSl 8 = m. then 

1 .()5 ^' 



1 01818 


41.25 = P will diffor but hlllo fiom the foimoi detoimmation, and though the 


local distances and position of the leases aic very clifibient in those two eyepieces, yet the 
magnifying powcis aie vciy iicaily the same, and when they ate applied in succession to the 
same Icicscope, tin estimate maybe loiincd of then compaialivc incuts with icspcct to pro¬ 
ducing good vision. When cithei of those eye pieces is applied to a telescope ol a longci focal 


length, say five feet, or sixty inches, the new powci will bo increased in the lalio of 



19 It IS not, indeed, an easy maltci to mcasiuo exactly the focal length of an object- 
glass, on account of its being composed of inoio lenses than one j Mr. Tiougbton informs us 
that the measuic should commence fiom tlic lulciioi pait of the convex lens, at a distance 
flora its cxlerioi siufacc equal to one-fifth of the thickness of the double compound object-glass. 

An appioximale mcasuic maybe obtained by fust ascerhiining the whole power with a 
given single lens as an cyc-picce, by means of a dynainctci (§ XI.), and then if we pul P = 
the powci, and/= the focal length of the .single Icsis, which may be very nearly mcasiucd by 

P 

the distance of its solai focal image, we shall have ~~ = P, llic focal distance of the object- 

./ 

glass, and when tins is once dcloimined, the powci of any cyc-pieco used with the same 

p 

object glass will always be had fiom the foiinula = (j>, Iho focus of a single lens equivii- 
lent lo the eye-piecc m question. 

20 . With lespcct lo the intensity of light in any telescope, it is in geneinl consideiod to 
be diioclly piopoitional to the squaie of the diametci of the object-glass, and invcisely as the 
magnifying powci of the telescope, but this uilo supposes all the light to eiitci the pupil of 
the obseivci, the quantity of which is limited by the size of the pupil, 01 by the small liolc in 
the eyc-piece, that usually cuts off some of the lays occasioned by abeiiation • Delambic*s 

n 2 
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rule may thciefbie be pieferablc in puctice this authoi obseives (tome J p 20 , Aslt onomie), 
that the suiface of an object-glass being inoie consideiable than that of an cyc-Icns, which lias 
tisually a slioit focus, it follows that all the lays falling on the stuface jS D of the object glass 
IS collected into the space h c?, the diametei of the effective poi tion of the lens, oi lenses at 
the eye-end} and that tlieiefoie the light so collected ought to be moie blight than the light 
in its dispeised state when falling on the object-glass be tliciefoie pioposcs to lake tmtly as the 

measuie of the intensity of light enleiing the object-end, and ‘'S’ the intensity at the 

eye-hole, and hence it aiises, that m gencial the objects that aio most luininous aie most easily 
seen in a telescope. If we snjipose the diametei J3 D of any telescope’s object-glass to bo thiee 

inches, and the diametei hdo^ the eye hole to be two tenths, wc shall have —- ^ ‘ = —.9 = 

.2 X .2 .04. 

225 foi the incieased intensity, oi the fust and last intensities will be as 1 22.5, to an eye 

that has a pupil laige enough to admit all the lays. This icsult points out the daiigci o( view¬ 
ing the sun tluough a telescope without a daikemng glass bcfoic the eye, and, accouling to 
Ml. Fallows, it is even unpleasant to bcai the light of the moon in this way, on a fine evening 
at the Cape of Good Hope, the atmosplieie is so cleai, and the moon ficcjuenlly so Ingli. 

21 . Ihe field of view of eveiy telescope, oi, in othci woicls, the nnmbci of ininnlcs and 
seconds subtended by a distant object that will bo visible with a given magnifying powci, will 
depend paitly on the focal length of the object-glass, and paitly on the diametei of the 
diapliiagm placed at its focus, when the telescope is long, and the apeiliiic of the dnipbiagm 
small, the field will be confined, and the coiiUaiy' if wepnt tlfoi the diameter of llio diaphiagm, 
and F foi the focal length of the object-glass in teiras of the same denoininalioii j tlien to 

obtain the value of the field in seconds, accouling to Delainbie’s lule, we have 

measure requiied. 

Foi instance, if in a telescope of feet focal length the diametei of the diaphragm of a 
negative eye-piece be 0.3, we shall have 4)2 x .000004<S4<8 = 00020361G, and ——^ 

J 

1 = 14<73"=: 24)' 83" for the whole measuie of the field. 

In such a telescope the focal disc, when tlie sun is the object, will be 0 3665 of an inch 

when his diametei IS SO', foi 0 3665, then as 0.3665 • 0 “, 30'«. .3 24 )' 33 " 

as befoic, hence the diameter of the diaphiagm ought to be 0.3665 to allow the whole disc of 

the sun to be visible in the telescope, which deteimination accoids with the rule given by 
Delambie. 

The same result may be obtained by a case in plane trigonometiy, thus 

As radius . 10.000000 

Is to the focal length 4)2 inches . 1 , 

So is half the sun’s diametei 15' . 7.639816 


F sin 1 " 


foi the 


.000203616 



To half the disc 0.18327 ♦ . • 9.263065 
Then 0,18327 x ® ±0,36654) as above determined. 
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l^aese mcihocls of determining the ineasiuc of the focal disc, or image of the sun, 
tUe founded upon the well known optical fact, that if two pencils of cxUemc laya pioceeding 
fioin the opposite sides oi ends of a distant object aic both incident on the centie of the ob- 
ject-ghiss of a telescope, they will theic cioss one anothci, and pass on without rcfiaction, till 
they foiin an invcitcd image of the said object, oi latlior of its exUomitics in the focus, so 
that the object and its image subtend the same angle at the centic of the object-glass. 

22. When the object is neai, and the telescope long, the ob|ect and its image will be placed 
in the lelative conjugate foci of the object-glass, and the diffoicnco between the sohu and 
conjugate foci will be consideiablc enougli to aflbid data foi dcLcimining the place of the 
1 emote conjugate focus, oi distance of the object. If wo put F to icpiescnt the length of 
the sohu focus, F foi the length of the shoitei conjugate focus whcic the image is foimed 
in the telescope, and D foi the distance of the object situated in the temote conjugate focus, 
the analogy will be 

As (F'-F) F\F D, theicfoio wc have JD.(FF) FF, and = D j also 


~~ m F-F^ and—= F, so that when any tluec of these terms aie given, the fourth 

Will also be known. As an example, let the solai focal distance of a telescope bo 12 feet oi 
H4i inches, and the elongation just two inches, when it is hi ought to distinct vision of a neai 
object by di awing out the tube holding the eye-piece, then wo shall have Fzz 144, I'’) sa 2, 


and consequently Fzz 140, also — 


FF 140 X144 21024 


feet, likewise wcshall have; 


D 


M ^ 


I 


y 


140 -144 
21024 


2 


10512 — Dm inches, or 876 


and 

10512 1 > 


10512 x2 

140 


144 = F 


} 


hence we may obtain the solai focal distance of the telescope fiom a loiiesliial object placed 
at a measui cd distance. 


§ V. DIAGONAL EYE-PIBCES [Pmte II ] 

1. The astronomical cye-pieces, winch aredcscubed in the preceding chaptci, both invcit and 
levcisc the object that is viewed, that is, they show the position as changed by the objccfc-glass 
with lespectto both altitude and azimuth, but when the body is spherical this is of no impoit- 
ance. In high altitudes, howevei, the head of the obseiver is obliged to be placed in a veiy 
inconvenient position when these cye-picces aie used, whatevci may be the oiclinaiystiuctuic 
of the stand used j to obviate which inconvenience, eye-pieces have been invented, that will ad¬ 
mit of the eye being applied at the side instead of the end, and when one of these is used, it is 
of no impo) tance what may be the depression of the eye-end of the telescope. These eye¬ 
pieces aie called diagonal, because a flat piece of polished speculum metal is usually applied 
between the two lenses of tlic eye-picce at an angle of 45®, which alters the direction of the con* 
veiging rays, and foims an image which becomes erect with respect to altitude, but is still re- 
veised with respect to azimutli. The same effect will be produced if eithei of the lenses be re- 
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moved, that h, whcliici the diagonal leflectoi be bcfme or behind the Ions used, and as two 
lenses in a celestial eye piece aie substituted foi one, to diminish the abciiation, and as they 
jointly piocUice the same effect on tlie vision as one lens of higliei powei than eithci of them 
lalven singly ’would do, theie aie thiec situations in winch the diagonal ic/lectoi may bo placed, 
befoie the cyc-piece, behind it, and between the lenses, each of winch position has i(s pecuhar 
advantage 

S. “When the diagonal piece is fixed within the sliding tube that icccives the cyc-piece, as 
in fig. 3. of Plate II., it may bo used with any eyc-piece scicwing into a hole made a( the side ol 


the said tube, and will admit of any powci, which is peihaps the best constiucUon, tliougli no! 
commonly adop ted. 

S A small piece of ioflectingmetal is sometimes made to .slide hcfoic the eye picceat the 
icqiusilc angle of icclination, in which application each cye-picco musi neccssaiily have a 


gioovc to leccive it, .ind the eye must be applied without a bole to diicct it, but it may be pul 
on and taken off without distiubing the adjustment foi distinct vision, anil is vciy simple in its 
application Gieat caie is nccessaiy in handling the piece of polished metal by the edges, lest 
it should bo laimshod, and a sm.ill box is neccssaiy to keep it m a fixed position when not used. 

4 .1, The thud and most common position of the loflcctoi is between the lenses, and this 
may be done in both the negative and positive eyc-picccs, but as the distance between the two 
lenses IS ncccssanly consideiable, to ni.iko loom Ibi the diagonal position of the icflocloi, the 


magnifying powoi cannot bcgioat, otlieiwise a diagonal cyc-picce of this eoiistiuctiou, which 
IS shown by fig 'X., icmains always in adjusUncnl, and is useful m all eases whcic the powei of 
magnifying highly can bo dispensed with. When a miciomctei’ with spidci’s lines is used with 
a diagonal eye-picco, the eye-piecc must ncccssanly be of the positive coiisliuction. 


5. Instead of a piece of leflecling metal that icquii os a siuraccpeifectly flat, which i.s not 

easily obtained, a icclangular piisin of glass maybe sub.stitiitcd, piovidcd it be of a good quality 
and pcifccLly woilcedj foi the i ays of light arc then boiitbyicflcction fiom tlio second polished 
smface which ought to be drj/, and undcigo two icfiactions which acluomatisc them, and 
the same effect is thus pioduced as by the polished metal, 

C. llamsden sometimes gave one of the polished faces of a iight-aiiglc piisin a curve, 
which piisin seived instead of a lens in an cye-piece, and also peifoimed the office of a icfloctoi, 
wjiiqh plan has occasionally been adopted by liis pupil, Jones of Cliaiing Cioss. Tins con- 
^ .stmction lequires some attention to be paid to the position of the faces of the pi ism, as they 
legald the object and the eye. The youngei W. Tulley discovcied that, when the cuivc faces 
the object, and a flat side is piesented to the eye, alaige poiUoii of the field of view will be dark¬ 
ened on the side next to the lefiactnig angle, but if the flat face contiguous to the light angle 
'WS^inade to face the object, and tlie cuivcd face at the othci side of the included light angle 
be placed opposite the eye, the vision will be good. In the annexed figuies, whoic o denotes 
the object and e the eye, the fiist position of a piismatic lens is good, but tlie second bad. 
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Whatevei may be the constiitclion of a tliagonal cyc-picco, thcic is a considoiablo loss oi 
light occasioned by the icfleclion, and tbcicfoic wlion voiy binall sUiis aio obscivecl, which is 
often the case in c\ainining double ones, the obscivei should not study Ins own case so ranch 
as the quantity of light he can iclmn with a high powei, which object maybe best attained with 
an ouhnaiy cyc-piece anti a telescope of laige apeitiuci 

7. A semi-globe, 01 what is called a bull’s eye, has also been used as a diagonal eye piece 
with a telescope, and when the ciuve is well foinied, and the glass good, it 
IS achiomatic, and peifoims pielly well. The lino foiinmg the flat face 
must be so inclined in the tube, that the lays of light coming fiom an object 
0, may be leflecled towaids the eye at e, aftci two i eft actions have icn- 
tleied them achiomatic 

8 We have said above, that the icflccLiiig face of a piisin that occasions inteiioi I'cflcc- 
tion should he (hy, and the same ohseiwation will apply to the flat face of the bull’s eye, the 
leason of which may he thus explained' 



If J 1 C D bo a cubical vessel divided by a pane of glass, so that ihc tnanguloi half 
li C D will hold watci, and if a lay of light coming fiom S is made to fall on the said glass at 
any angle of lucidcnee A J 5 S gicatei than while ihc poiLion Ji C D is empty, the lay will 
be loflcctcd towards 7 ’, hut if it ho filled with waloi, which has a gicalei atliacUon foi light 
Ilian ail has, the lay wdl pass tluongh the glass into the walci, and snflbi no leilection. When 
the angle of incidcmc is giadually lessened till the lays of light that aic incident cease to be 
leflecled, the icd lays aio tlic last to disappoai, as being the least reftangiblo. 

The dcsciiption of the foui-glassed diagonal cye-pieccs will be given (§ VIL11.) after the 
oicct cye-picccs have been desciibcd. 







§ VI CELESTIAL EYE-PIECES WITH VARIABLE POWERS (PtATil HI) 

1. Wk have hiljicito supposed the distance between the two lenses of a celestial eye-piccc to 
he constant, and consequently its powei of magnifying the image, formed by the pbjcct-glass 01 
laige speculum of a telescope, to be invaimble, and to ohUin the best vision it is neccssaiy 
that they should be so, because they admit of a diapluagm being inscitcd in the most advan¬ 
tageous situation, foi excluding the devious lays, hut occasions occur, when the power of the 
cye-picco lequiios to be changed, foi limiting the field, 01 for modifying the light 5 and in the 
use of some of the most modem miciomcteis, a vaiiablc powei forms one of Iho elements of 
computation of the measuie, Wc shall theiefoio describe the piinciple on winch a celestial eye- 
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moved, that is, whethei the diagonal leflectoi bo bofoie oi behind the lens used} and as two 
lenses m a celestial eye piece aie substituted foi one, to diminish the abciiation, and ,is they 
jointly pioduce the same effect on tlie vision as one lens of highei powei than cithei of them 
talvcn singly would do, theie aie thico situations in which the diagonal icflectoi may be placed, 
befoie the cye-piecc, behind it, and between the lenses, each of which position has its pcciihar 
advantage. 

2. When the diagonal piece is fixed witlun the sliding lube that icccives the oyc-picce, as 
in fig. S. of Plate II., it may be used with any cyc-pieco sciewing into a hole made at the side of 
the said tube, and will admit of any powci, which is pciliaps the best consliiiclion, tbougii not 
commonly adopted. 

3, A small piece of ieflecling metal is sometimes made to slide bcfoic the eye picceat the 
icquisilo angle of icclinatioii, m which application cacli cyo-piecc must iieccssauly have <i 
gioovc to icceivo it, and the eye must be applied without a hole to diioct il, hut it may be pul 
on and taken off without distuibing the adjustment foi distinct vision, and is vciy simple in its 
application Gieat caie is nccessaiyin handling tlie piece of polished metal by the edges, lest 
it should be laimshcd, and a small box is neccssaiy to keep it in a fixed position when not used. 

■I'. The thud and most common jiosition of the leflcctoi is between the lenses, and this 
may be done m both the negative and positive cyc-picces, but as the distance between the two 
lenses is ncccssanly consideiable, to make loom ioi the diagonal position of tlic icflectoi, tlie 
magnifying powci cannot bcgieal, otiiciivise a diagonal oyc-picco of this tonstiiiclion, which 
js shown by fig 4<, icmains always in adjustment, and is useful m all cases wlioic the powci of 
magnifying highly can bo dispensed with. When a mici omctci with spidci’s lines is used with 
a diagonal eye-picce, the eye-piece must ncccssaiily be of the positive consliuction. 

5. Instead of a piece of icflcctmg metal that icquuGS a siufacc pcifectly flat, which is not 
easily obtained, aiectangulai piism of glass maybe substituted, piovulcd it ho of a good quality 
and pcifectly woiked j foi the lays of light aio tiien bent by leflection fioin the second polished 
suiface which ought to ho dri/, and undcigo two icfiacUons winch acluomatisc them, and 
tlie same effect is thus pioduced as by the polished mctcil. 

6. llamsdcn sometimes gave one of the polished faces of a iight-anglo piisin a cnivc, 
which pi ism seivcd instead of a lens in an cyc-piecc, and also pei foi mod the office of a leflector, 
wj^iqh plan has occasionally been adopted by his pupil, Jones of Chaiing Cioss This con- 
sUuction lequues some attention to be paid to the position of the faces of the piism, as they 
legaid the object and the eye. The youngei W. Tulley discoveied that, when the cinvc faces 
the object, and a flat side is picsenlcd to the eye, a laige poitiou of the field of view will be daik- 
ened on the side next to the lefiacting angle, but if the flat face contiguous to the light angle 
“TO made to face the object, and the cuived face at the othei side of the included light angle 
be placed opposite the eye, the visioh will be good. In the annexed figiucs, wheic o denotes 
the object and e the eye, the fiist position of a prismatic lens is good, but the second bad. 
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Whatevei may be the consUuction ol a diagonal cyc-piccc, Ibcie w a considoi able loss of 
light occasioned by the icflcction, and thciefoie when veiy small slais aie obscived, which is 
ollcn the case in oxcuniniiig double ones, the obsoivci should not study his o^vii ease so much 
as the quantity of light he can letain with a high powei, which object may bo host attained with 
an oidinaiy oyc-picce and a telescope of laigo apciturc. 

7. A semi-globe, 01 what is called a bull’s eye, has also been used as a diagonal eyc-piece 
with a telescope, and wlicu the cuivo is well foimed, and the glass good, it 
IS acluomatic, and peifoims pielty well. 'Die hue foimmg the flat face 
must be so inclined 111 the tube, that the lays of light coming fioin an object 
0, may he leflecled towaids the eye at e, aflci two rcfiaclioiis have leii- 
deicd them acluomatic. 

8 AVe have said above, that the leflccUng face of a piism that occasions iiitcrioi loflcc- 
tion should be di ij, and the same observation will apply to the flat face of the bull’s eye j the 
icason of which may be thus explained! 

r 


c 

11 A B C Dha a. cubital vessel divided by a pane of glass, so that the taangulai half 
B C D will hold watei, and if a lay of light coming fiom S is made to fall on the said glass at 
any angle ol inculcucc A M .S' gicalci than d.iS'’, while the poition B 0 D is empty, the lay will 
1)0 icflccted towaids 2’, but if it be filled with Avatci, which has a gioalei altiactiou for lighl 
than an has, the lay will pass thiough the glass into the watei, and sufler no leflccUoii. AVlicii 
the angle of incidence is gradually lessened till the lays of light that aic incidont cca&c to ho 
reflected, the icd lays nie the last to disappcai, as being tlie least lofiangiblc. 

The desciiption of the fom-glassed diagonal oyc-picccs will bo given (§ VII. 11.) aAei tlie 
elect eyc-pieces have been desciibcd. 
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1. We have hitjioito supposed the distance between the two lenses of a celestial eye-piece to 
be constant, and consequently its powei of magnifying the image, formed by the pbject-glass or 
laige speculum of a telescope, to be invariable, and to obtain tlic best vision it is nccessaiy 
that they should be so, because they admit of a diaphiagm being inserted in the most advan¬ 
tageous situation, foi excluding the devious lays 5 but occasions occui, when the powei of the 
cye-piecc leqmios to be changed, fbi limiting the field, 01 foi modifying the light, and in the 
use of some of the most modem miciomcteis, a vaiiablc power foims one of the elements of 
computation of the measiue. Wo shall theiefoic describe the principle on winch a cdesUal eye- 
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piece, afibiding a succession of variable magnifying poweis, may bo constiiictedj and when we 
dome to desciibe the miciometeis to which this principle is applied, wc will enter moie mi¬ 
nutely into Its piactical application to the measuiement of small angiilai subtenses 

In the fust volume of the Memoiis of the Astionoimcal Society of London, wc have given 
an account of both the theoiy and constiuction of an astronomical eyc-piece, with a vaiicty of 
poweis, to which we might lefei the reaclei foi paiticulai infoimation, but as that woik may 
not be m the hands of peisons who aie not membeis of that society, we will give an outline of 
that communication in this place. 

g Whenevei two lenses aio used in an eye-piece, oi otheivise, as a substitute foi a single 
lens, foi diminishing the abenations, the focal length of that single lens, which would possess 
cQ^ual magnifying powei, may be leadily detcimined by a theoicin in dioptiics} and as the dis 
tance between the two lenses used is an clement in the calculation, thcic may be as many equi¬ 
valent single lenses supposed to exist, as theie aie vaiiablc distances between the two lenses 

adopted. 

Whatevei maybe the constiuction of the convex oi plano-convex lenses used, with icspcct 
to then ciuvcs, if we put F foi the focal length of theinnci lens, J'i'oi the focal length 
of the outei lens, d foi the distance between them, and ^ foi the focal length of tbo single ima- 
ginaiy oi equivalent lens zeqiiucd, at any position of the two actual lenses, wc shall have 


the foimula 



as we have befoio stated. (§ IV 18 ) 


Ill this foimiila f/is the only vauahle quantity, and the focal distance of the imaginary 
lens will decieasc as d mcieases, but not m the same latio If an equal scale be made to re- 
piesent oi indicate the quantities d, in the chffeient situations of the two lenses, that scale will 
also indicate the coiiesponding magmfymg poweis that dep6nd on the focal lengths of p , foi 
if we put S foi the solai focal length of any object-glass, and foi tho focal length of a single 


lens equivalent to an cyc-piece, wc shall have 


P, the magnifying powci of a telescope 


having that object-glass and cyc-piece j theicfoie = -P) vanes as P > winch 


shows, that the mciease oi dcciease of magnifying powei depends upon the decicase oi in- 
ciease of the distance, at which the two lenses of the eyepiece aie placed fiom each othci. 
The scale of distance between the two lenses cannot however be gicatci than the focal distance 
P of tlie iniiei lens, foi if it weie, the lenses would no longei foim an eye piece, hut would be 
come an inveitmg opeia-glass. In computing tlic length of a scale, that would admit of the 
powei of a foui-feet telescope to be doubled, when P was taken at two inches andy’ at one, it 
was found just an inch and a half, and tho subjoined Table was computed foi the puipose of 
shoeing, that the diffeiences of the magnifying poweis at equal mteivals aie equal paits, the 
focaUength of the object-glass being assumed exactly at 48 inches. 
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3. TABLi: or nir YAniiiiLr magnivying tovebs or A crLFsxiAi. eyk-wcce, 

USED wnil A ’IPLESCOPE OP EOUU TErl. 


J quiv'iltnt 
sIiirIc 


Povcis 


Dijlercucts 


0 

.1 

.3 

A< 

5 

6 

.7 

.8 

9 

1.0 
1.1 
1 2 
1.3 
1 4 
1 .5 


M 

.69 

714 

.74 

77 

80 

83 

.87 

.909 

9.54 
1.00 

1.0.5 
1 .11 
1 .177 

J .fiS 
1 .33 


72 0 

69 .6 
67 2 

64 8 
62 4 

60.0 

.57 6 

.5.5 .2 
A2.8 
.50 .4 
48.0 
45.6 
43 .2 
40 .8 
38 4 
36 .0 


2 4 
2.4 
2.4 
2.4 

2 4 . 

2 4 

2 4 . 

2 4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 


( j ' ' Fiom an iiwpcclion of lliis Table it is oviclcut 

DisiHiitoi i^quiv-iiuii I’oweis Diiieromcs though the focal length of the equivalent 

---— sniglo lens (p (loc.s not nicicase by equal paits, yet 

0 .66 72 0 powcis depcnihng on these vaiying focal 

.1 .69 69.6 Q 1' lengths aic quantities, that tlccicasc by equal dif- 

2 714 672 gfcionccs. If theiefoic wo knew the 61 st and last 

^ 2.4 magnifying powcis only, the modes of doing 

'k i QQ CO.O ^ wliicii will be shown hcicaflei in ,Scction XL, wo 

6 <S3 .57 6 g could fill u]) all the inloi mediate jiowcis by the 

.7 *37 <75.2 04 constant addition, or .siibtiaction, of onc-fiftccnlh 

.8 .909 52.8 7 .. , 72-.36 

9 9.54 .50.4 i't of the whole difloiciicc, thus ' =2.4 gives 

1.0 l.bo 48.0 , 1 , 

1.1 1 . 0.5 45.6 the coiwlantdifieicnccin tins cnso,lo be continually 

12 1.11 43.2 applied to 30, till we aifive, iiAcr 15 additions, at 

1,3 1 .177 40.8 g yg. Qi ]f .^,,0 begin at 72 , we shall arrive at 36, by 

1 5 1 33 36 0 ^as many subliactions, and in this way any other 

1 T.iblc of Powcis belonging to a vaiiablc celestial 

eye piece may bo complotcd, whalevei may be the 
nuinbei of intcivals in the scale, and tinat without knowing eitliei the relative 01 absoliilc va¬ 
lues of F, f, S, 01 (p, inovidod the magnifying powcis of the telescope used be ascoiUiiicd pre¬ 
viously, by any of llio methods lu'icaAci e\plaiiicd. 

4. When the eyc-piecc is consti acted on the most simple plan, a pan of shoit tubes of 
biass, sliding pictly closely ovci one .uiothoi, and canying each a lens, will be all the me¬ 
chanism that IS icqmicd. In Plate III. figuics 13 and 14, represent an cyc.picco of this kind, 
which has been found to .uiswci its pmpose vciy well The sciew at the end of the innoi lube 
A, IS .ukiptcd to Iho lacked tube of a telescope, wluch gives it the neccssaiy adjiistinenl foi 
vision, a scale, of upwaids of an inch and thieo qiiailei‘.s, is dividcil into 180 equal paits, upon 
the cxlciioi face of Lius tube, and a plano-convex lens a scicws into ils icmoto end, having its 
focal length veiy ucaily two inches; loiiiul this tube llie outci tube B slides, when aliltlefoico 
IS applied to it, and caiiies anothci lens b of an inch focal length, which can be brought into 
contact with the lens «, 01 he lemovcd fiom it to any distance, not evcccding the length of the 
scale, which is indicated by the iiiiciioi end of the tube Bj the lens b is also a plano-convex, 
and may be taken out at plcasuie, by unsciowmg it, when a lens of a diflciont focal length, as 
j of an inch, may be subslitulcd, which will give a new scale of powois, to be tabulated for 
any given telescope lien the second 01 eye lens has a shoit focal distance, ahd consequently 
a scale of laige magnifying poweis, a dinpluagm maybe placed at its focus in the tube B, 
which will impiovc the vision, but shoiten the length of the scale. The only inconvenience 
attending tlie use of this cye-piece is, that the length of tube A, being added to the ordinaiy 


vox- II. 
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length of a finished telescope, with common-eye pieces, diminishes the lango of thciackccUiibc 
m getting distinct vision, and tins lack is ivantcd to bo used again aftei eveiy now position ol 
the lens h, as it has i elation to lens a This inconvenience, when it occni s, may howevci be 
lemoved, by shoitcning the mam tube gs much as the small tube A adds to the Icngtii ol' the 

telescope 

5. Anolhci and moie convenient coiistiucUon of this eye-picce is lepicsentcd by figuics 
15, 16, and 17 , of the same plate, with a cade on one end, giadiulcd foi taking angles ol po¬ 
sition also, which appendage will bo desenbod in anothci place This cyo-piccc, like the 
foimei one, is adapted to sciew into the lacked tube of a telescope, and has the scale cngiaved 
on the outei oi visible tube, this tube lias a longitudinal opening cut down a huge poiUon ol 
Its length, and a shoitci innei tube, seen in fig. 16, boais aiack, which is actuated by a pinion 
on the axis of the milled head, visible m both figui es, and slides within the said oiUci tube, 
while it caiiies the second lens, a, at the end next the eye, and also a vcunei piece, attached 
by a pair of SCI ews passing till ougli the oblong slit. The eye lens b, in this coiistiuctioii, is 
SCI ewed fast into the end of the stationaiy tube, and maybe changed foi anothci at option. 
This cye-picce also lengthens the telescope a little, but is casici to manage, on account of the 
second lack, and will also admit of a diapluagm, when the cye-lens has a shoit focal distance. 
A succession of two oi tliieo eye-lenscs iiSfed with tlie same innci lens, in cilhci of these con- 
stuictions, will extend the scale of magnifying poweis to any limit that the telescope will bcai. 
Each cye-picce is made to tuiii lound, at the junction of the fixed tube with a sciew that at¬ 
taches it to the telescope, foi the convenience of ohsoi viiig with those miciomelcis, of whicli the 
vauahlo eye piece forms an essential pail, and the sciews at the eyc-eiiil aic made to icceive 
cye-caps, and olhei appendages that will be desciibcd heicaftoi. 

6. As the distance between the two lenses is consideiablo when the magnifying powci is 
small, and the leveise, it is evident that tins oyc-picco is sometimes a positive, oi a llamsdcn’s 
cye-piece, and sometimes a Iluygeman, oi negative one, and alfoids all the giadgtions llial can 
occin with the same lenses, in the diffeicnt deviations fiom Iheso two constiuctious, and then' 
foie the vision is not equally good at cveiy distance, though at none objectionable, when the 
piopoition between the two focal lengths is flora S ; 1 to 8 : 1. 
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§ VII ERECT EYE-PIECES [Pi-atb II ] 

1, We have alieady said, that the eye piece invented by Rheita, commonly called the lerroS’ 
trictl eye-piece of a lefracting telescope, because it does not inveit the object, was composed ol 
three similai lenses placed fiom each other at double then focal distances icspcctively, and 
that they greatly diminished the spheiical abciiation, but did not altei the magnifying powci 
from what it would have been with one of the said lenses. This constiuction is become obso¬ 
lete, and a four-glassed eye-piece is substituted for it, which, besides impioving the vision, 
increases the magnifying power, and also gives an eiect position to the visible image of any 
object. During the piogiessive stages of improvement made in the construction of an eiecl 
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eye piece by the Dollonds and Eamsden, tlnce and five lenses wcic successively intioduced, 
but as foul lenses have ultimately gained the piefeicncc, we will satisfy oiubclvcs with a de- 
sciiption of the most appioved aiiangement of the lenses, as adopted by modem opticians 

g In a telescope having a celestial oi invciting cyc-picce, tlio image that is foimcd in the 
focus of the object-glass is that which is seen magnified , but when a foui-glabscd oi cicct eyc-r 
piece 13 used, the image is lepcated, and the second image, which is foimcd by the innei pan 
of lenses on an cnlaigod scale, is that which the pan of lenses at the eye end lendci visible, 
on a scale still moic enlaigcd In fact, the modem iciiestiial cyc-piccc is a compound micio- 
scope, consisting of an object-lens, an amplifying-lcns, and an cyc-piccc composed of a pan of 
lenses, and its piopcilics will be best undeislood by coiisicloiing the flisL imago of an object, 
which IS foimcd in the focal place of the object-glass, as a small InmmouS object to be icndcied 
visible, m a magmhod state, by the said microscope. Tins plan of dcsciibiiig the cye-piece, 
we piesume, will iciulei tlic ofliccs of the ditfcient lenses farailiai to the icadci, without a ic- 
teiencctoan optic,'ll diagiam, and will supcisedo the necessity of a gcoinoUical investigation 
of the angles subtended by tlie two images in then* iclativc positions. Such of oni icadcis as 
wish foi thcoictic dcmoti.stiations, will of couisc have iccouiso to some ticatisc on oiitics foi 
the fundamental infounation. 

3, Foi the salcc of perspicuity, wo will call the Ions neaiost to the Inst imago, oi to the 
solai focus of the object-glass, the olyecUens, the next to it the (mpl^}/tng4cns, the thud oi 
innoi lens of the at the eye end iho ^eld-lens, and the oiilciinosfc the eye-hns. Wo will 
also call the fiisL imago oi substitute foi a small micioscopic object, iho radtmU, Now it is well 
known, that if any single lens have the ladiant in its puncipal or solai focus, the lays issuing 
fiom it, and falling in a state of divcigcncc on the face of the said lens, will be so lofiaclcd by 
passing lluongh it, as to become paiallcl allci cmciguig fiom the second siufacc into an , but 
that if the ladiant bo biought ncarci to the lens than its piincipal focus, the cmcigmg lays will 
dtveige , and on the conliary, if tlio ladiant bo pulfartlici fiom the lens than its puncipal focal 
distance, the emciging rays will coivue^ge to a ponil or disc atathslanco beyond the lens, which 
Avill depend on tlic quantity of convergence, oi, in othoi woids, of the distance of the iiidianl 
fiom the fiist face of fhc lens, In tins place a second image, oi image of the ladiant, will be 
foimcd by the concurrence of the conveiging lays, but in a contiaiy position. TJicso two 
points at the opposite sides of the lens, whcic the ladiant and its image aic posited, sue called 
the two conjugate Joct of the lens, and the same angle is formed at the centre of the lens, 
whethei tlic ladiant oi its imago be the subtense. Hence it will bo pciccivcd, that, whatcvei 
may be tlie places of the coiresponding conjugate foci, the length of the image will exceed the 
length of the ladiant, in the same propoition that the distance fiom the lens of the formei 
exceeds that of the lattei. This infeicnco flows fiom the piopeitiQS of simihu tiuinglos, which 
aic familiar to cveiy one; and hence it will bo seen, that the lincai enlargement of the imago 
may always bo had by dividing the longoi conjugate focal distance by the shorter, as in the case 
of a magic lantern, oi of a solai micioscopc. 

di, This secondary imago, oi imago of the ladiant, is not well defined when only one lens 
is used, owing to the gieat spheucal as well as piismatic aboiialions, and thcicfoio the ampli¬ 
fying lens IS placed at the distance of the shoitci conjugate focus, with an mtcivcnnig diaphragm 
at Ihc place of the puncipal focus, the uses of which second lens and diaphiagm aic, iiist to cut 

E S 



28 


EBECT EYE PIECES 


off the colouicd lays that aio occasioaod by the dispeisive piopcity of the object lens, and 
condly to bung the lays to a shoitei conjugate focus fo) the place of the image, than would have 
taken place with a single lens having only one lofiaction Then iL is evulunt, tluit, as the 
magnifying powei of the object lens depends on the i elative distant cs fioin it of the two conjugate 
foci, the second lens, by slioitening thelongei conjugate focal distance, lesseiib the magiulynig 
powei m the same piopoition, but as the secondaiy image is thus much bellci defined and fiee 
fiom colouiation, tlic addition of tins lens is a gieal impiovcmcnt to the vision , ami the place 
of the second image can at any time be vaiied, by biinpiy vaiying the distance ol llio uuliaiil 
fiom the lens in acontiaiy diiection, by means of the lacked tube of adjuslmciU foi distinct vi¬ 
sion. On this account the main tube may have its IciigUi vaiied at plcasuio, witiioiit making 
any altoiation in the lolalivc position of the fiist and second lenses which wc have dosciibcd. 

5, In the oulmaiy compound inicioscope iho object-lens is veiy small, and tlic amplifying 
lens of a iaige diainetci, and situated iicailyhalf way between the two ends of the main lube, 
its pancipal object being to amphfytlic field of view, but m the ciect oyc-piecc iho fiist 
glass IS usually laigcr than the second, which yet, by lessening the powei, may bo said lela- 
tivcly to amplify the field, otiici wise the explanation of the pi opcitics of the two consli iictions is 
the same, and in oui esUmatioiUhc one wc aic descnbing defines the image of the ladiantthc moic 
distinctly of the two, and foiins the bctlei micioscopo with a good pan of cyc-giasscs. The le- 
maimngpoition of the magnifying powei depends upon the eye glasses, which maybe pultogcthoi 
aftei thofoiin of citlici of the celestial cyc-picces above dcscubcd [§ IV 15, Ifj.], lopioducc 
what is tcciimcally called Ajtatjidd In tlicoiy the whole miignifyiug powci is gamed at twice, 
the fiist poitioii may be had by dividing the focal length of the object gla&s by the focal length 
of the eye-lenscs taken jointly as one equivalent lens, in the way the powci is gained m a co 
lestial telescope, and then the icsuUmg powci is incicascd in the latio of tlic distances of the 
two conjugate foci from the objcct-lcns, as has boon explained. The thcoiy by winch the 
magnifying powei of a telescope is deleimined, supposes that the thickness aiul focal dis¬ 
tances of the lespective lenses, and also the exact distances between them may all bo poifcctly 
measured, winch m piaclice is no easy mattci j wo will not thciefoie tiouble oiu loadeis with 
the va^iou^ founulaj that the science of optics supplies, ns cxplanatoiy df all the vauetics thal 
occur m the constiuctioii of instiuracnts, and in the inelhods of nppiccialing then piopoitics j 
but shall explain piesontly the piactical methods of gaining the magnifying powcis by mecha¬ 
nical means, inuch^moio conectly, and much soonoi, than could be done fiom unpcifcct data 
by theoretic coinputalion. 

6. It will howevci be giatifying oui loadcis, if we pioscnt them with a dioptiic foi inula by 
means of winch they may compute the place iii the mam tube, wheic the second image will he 
acliiomatic, and consequcntlytho bestdefined with givenlcnscs fot the object and amplifying lenses 
placed at a given distance If we call the focal length of objoct-lcns o, of the amplifying lens 
l>, and the distance between them dj and also 1) the distance of the second imago fiom b, when 


tiiat image is the best possible, we shall have 


i? a 


D Foi instance, if wc UKe 


(d—a), (u~b) 

a= 1 . 75 , 6 = 21 , aiulfif=; 2 . 6 , as aie neaily the dimensions in a foui-glassed eyepiece bcfoic 

bd 2 1x26 5 .46 


us, we shall have 


(d—«).(</—6) 0,85x05 0.425 


12.85=. D, But if wc make only a 
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■small change in d, while a and b leinaiii the same, the distance of the second unago 
will be gieally allcied thcieby, thus suppose we substitute 3.1 foi 2.(1, then we shall have 

. 7 - -r-v-, ,N=? -Jl- ='^' 82=77 Hence, if the distance between the lenses a and 

(d—(i).{cl—b^ 135x1.0 135 

b wcie made .idjiistable by a scicw, oi by two pieces of tubes sliding one within the othci, the 
place of the .ichioinatic linage in .my tci lestiial eyc-piece, might easily bo made to have its place 
in the common focus ol the two lenses of the eyc-picco, with a given conjugate focus of the 
Jens a, as the place of the ladiant on one side of it, and of the lens b on the othei, undci which 
ciicuinstanccs the vision would be the best that can be pioduccd with the said lenses. 

7 Theie aie howevet two mcasiuos of f/that will aiiswoi equally well loi a given measure 
oiD, andeithei of these maybe taken that will fall within the pioposod adjuslineiiL. Let the 
opeialion bo lovcised, and let D bo given =7, to find d, while a and b leniain as befoic, then 
by putting the opciation into the foiin of a qnadialic cijuation, we shall ublain two loots tliaf 
sviil give d= 2.075±.79'!', 01 2 SOf), and 1.281. 

Foi the fust value of d wo have ^ ^ l-l_().021'9_y ncaily And foi the sc- 

1.12 X 0.77 0.8()2'1. ^ ^ 


concl value 


7 also vuiy neaily 


2.1 X 1.28l_2.()901_ 

-.479 X •-.819“0,S923'" 

8. The hold of view in the loading mictoacopcs of llio modem giadualod cnclcs have 
usually aconli.icted field, as well as a distoiLiou of the image at the edges, which might bo ciiied 
by adopting foui lenses We beg leave to iiiscit heie a small table of the focal Jcnglhs and dis- 
Unces between scvcial p.uis of lenses, such as would pi educe a length of tube suitable foi such 
a constuiclioii, togelhci with the coiicspondiiig measmes oi! J), any one of which maybe taken, 
that best suits the si/o oi powei of the intended luieioscope, and, by vaiying the data m any 
one Ol mote of tlic lliiec fust columns, the table may be e\lcnded to any length. 


laiiir oii" niMFNsiONS 1011 a ukauino micuoscoct. 


a 

m-! >Pi‘ — 

b 

« W1 » •Ifc 

d 

T n hi 

D 

1.75 

2 1 

3,1 

4 8 

0.8 

1.0 

1 .5 

4.3 

0.7 

0.9 

^ 

3 0 

0.7 

0.9 

1 .5 

2.8 

0.7 

0.9 

1.0 

2.3 

1.1) 

1.4 

1.75 

2.0 1 


9 h'lom what has been above said, we may see that any vailcty of magnifying poweis 
within given limits, may be obtained by attaching the pan of cyc-lenscs to an innci lube that 
will diaw out and scpaiate them ftom the pan of innci lenses, and I)i. Biewsler lias shown, ui 
his T'tealue on Ne’&> Philosophical Jnslrumenis (Chap. VII.), that a scale divided upon this tube 
will be a scale of magnifying poweiS, if divided into equal intcivals. Such an inteaior tube 
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was pioposcd and made by B Maitm many yeaib ago, and Tulley made scveial foi us, wliicli 
we descubed undei the aiticle Telescope, in Di Roes' Cyclopmdia, antecedently to the 
contiivance of the pancraUc, oi omnipotent eye-piece of Di Kitchenci, winch is the same 
Hung effected by cutting the single tube into scveial paits, and by thus giving it the appeal, 
ance of a new invention 

10 We shall have occasion to explain, in a subsequent section, how the wne inicioniotoi 
may have scveial new values given to a levolution of its sciew, by applying it to the eye end 
of such a sliding tube, and by vaiyiiig its distance fiom the pan of object and amplifying 
lenses Wlion any imciometei is applied to mcasiue the fiist image of an object, oi that which 
is foimed in the solai focus, an uicicasc of powei makes no diffciencc in the moasuic, because 
the image mcasiiied and the scale of measiuement are alike magnified, but when this image is 
made the ladianl, and the second image is measmed, a change of powei, occasioned by the 
sepaiation of the lenses, will pioducc a change m the scale of ineabuieinent, and this oncuni- 
stance affoids sevoial constiuctions of micromclcis that may bo applied at the cyc-ciul, which 
may have diffei ent values given tlicin, all which will be explained m then icspectivc places. 
The iippei tube in fig 2 . shows the common elect cyc-piccc, the lowei one is a icpiesenlation 
of ono that has vaiiable powei s occasioned by the sliding of an iiinei tube. 

11 . Sometimes it is convenient to foira the foiu-glassed eye piocc into tlio diagonal foun, 
to make obseivatioiis in the zenith, oi at high altitudes, without putting the body into a painful 
position FiguicsJ and C show two constiuctions of such an cyc-picco, the foimci of which 
has a solid piece of speculum metal, at the light hand end of the hoiizontal part at a, adjust¬ 
able by sciews 5 the objcct-iens is at the left band end , the second, 01 ainplitymg Ions, is neai 
the icclimng face of the polished speculum j and tho pan of cyc-lenscs aie in the intciioi vei- 
tical tube, and may bo diawn out to vaiy the powci as we have already descubed. Tho eye¬ 
piece lepiesentcd by figine 6 is in cvciy icspect constructed like tho otlici, except that, instciul 
of speculum metal, tho icflcctoi, a, is a pusm of glass, with the fiist face plane and tho second 
founed into a cuive, to answei the puiposc of the amplifying-lons, and as it is placed in tho 
best position (§ V 6 .), its pcifoimancc is unobjectionable, when well executed, and piopcily 
adjusted with lespect to position. These eyc-picces wcic both consliiicled by the junior 
W Tulley, whose skill and peiscvciancc in oveicoming practical difficulties entitles him to shaio 
laigcly in the celebiity, winch Ins fathei has justly obtained as a supciioi opUciaii, 


? VIII A POPULAR EXPLANATION OP THE ACHROMATISM OP THE REFRACTING 

TELESCOPE 

1 . At a time when the study of optics forms a pait of a hbeial education, it may appeal to 
some of oui icadois unnecessaiy to inliocluce, into a Treatise on PiacUc.d AsUonomy, a sub¬ 
ject that seems to concern the lustiument-inakei latlici than the astionomei 5 but as evoiy 
piactical man claims the pimlcge of judging of the meiits of his own telescope, and as a po* 
pulai explanation of the achrowaUcprinciple may bo acceptable to sevcial poisons of this dc- 
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scnplion, we have been induced to give a section on this subject, such as they may undei stand 
\Vithout much pievioiis knowledge of inathcmalical science. 

2 The woid achi ovuitic, which is deiived fioin the Gicck negative v and coloin, 

was fiist applied to the lefiacting telcscdiie by Dr. Bcvis, and is a piopei Iciin of distinction 
between the long icfiacting telescopes, which weio foiineily made with single objoct-lensosj 
and the shoitei instiuracnts with object-glasses, which aie sometimes so combined of tliicc, 
but of late moic usually of two lenses, as to banish the Newtonian oi piismatic colouis 

3 . It IS well known that when a sohu lay 0/ light is admitted into a daikcned looin, and 
made to pass till oiigh a pi ism of glass, so as to be iccoivcd on awhile sciccn, the piimaiy 
colouis will bo sepalated in such way, that the icd and violet will bo the extreme colouis, and 
the length of tlic spoctiiiin will tlepend, paitly on the distance of the sciccii fioiii the lefiact¬ 
ing piisin, and piutly on the quality of the glass. The explanation ol this phenomenon will 
best be undci stood liom a cliagiain. 


A, 



Let a h c be the section of a tiiiuiguhu pusin of tianspaicnt glass, and d a pencil of solar light, in- 
< idont oil the point e of the lace a b, and coming in a diicction paiallcl to the face a c, with a ten¬ 
dency to piocced in a sUaight hue towauls 11; this pencil, on cntcung the glass, will be bent out 
of its com sc by icfi action, towai ds Ihc thick part of the piisni, and will finally cmcigc at the point 
Jl ncaici to c than Z>, and will bo dispersed into scvcial lays of difibient colouis, geneially consi- 
deicd to be seven, but it will be snlficiont for om pniposc to consider only the two cxtiomo 
rays and the middle one. Let A B be the sciocn that icceives these coloiucd lays, and lot the 
pusin be of ciown glass, then f ^ will bo the mean lay, the demifion of winch, as caused by 
the refi action, will be the angle g cJi, 01 angle of moan 1 oil action, will be tbo red lay 
with a smallci deviation, andy i the violet lay, with a gicalci deviation than that of the mean 
^^y/S > l-lus case, /t t will be the length of the spec/i urn, 01 the moaauic of the whole angle 
of dispel Sion, contained between the exlieme red and violet rays. Let the scicon remain, and 
substitute a sunilai piism of flint glass, in the same situation which the ciown glass occupied,' 
both as to distance and position, as they icgaid the scicon, and the cxlicrae lays will now be 
seen at I and H, instead of i and h , fiom which cxpeiimcnt it i.s cloai, that the flint pusin 
dispelscs the exticme rays consideiably inoio than the prism of crown glass did; and it has 
been found‘that, m the same specimens of glass, the angle of deviation always boais the same 
piopoition to the angle of dispersion, indeed, it was the opinion of Sir Isaac Newton, that this 
is the case in all specimens, which opinion has since been asceitamed to bo incoiiect 5 foi, if 
this had been stiictly tiue, the telescope could not have been icndeied aclirotnaUc> As the 
measuie of dispeision of the crown glass was the length of the spectium li t, so the lengtii of 
the new and enlaiged spectrum, II I, is the measuie of the dispeision of the flint gloss, and 
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siiows that the flint has gieatei lefiactive power than ciown glass, winch may also be said with 
lefetence to plate glass, though not in the same piopoition Accoiding to the detei mination 
of the ingenious 13. Mai tin, the latio of the dispoisive powcis of flint and ciown glass is 5 3, 
hut the eldei Tiillcy has found that this latio is not pi'cciscly the same with all specimens of 
flint glass, and he theiefoic vanes it, accoiding to ciiciimstanccs, m the foiination of the cuivcs 
that fen in the faces of his lenses used foi ohject glasses 

4. It has been asseiled that Chestci Moie Hall, of Moic Hall in Essex, employed diflbieiil 
kinds of glass in the stiuctuic of a telescope, so long ago as in the ycai 1729 , some of which 
have been pi cseived, and on examination have been found to bo in a ceilaiii dcgioo of the 
uchiomatic desciiption, but it docs not appeal that he piocecdcdon any scientific piinciplc, 
that entitles his conliivance to the appellation of an imenlton, and it was not till about the 
yeai IV'I'T) that Eulei, piofilingby the discoveiy of Rii Isanc Newton, attempted to make an 
achioraatic telescope by including watei between two menisci, fonning the ends of a box, so 
that the diffeicnt icfiacLivc powcis of the diflcicnt media might coniiteiact the disjicisive 
poweis, 111 such way as might dostioy the colonlation of the image foimcd in the focus of such 
a compound object-glass, but the expcumeiit failed of success 

5. This attempt of Eulei attiacted the attention of the ingenious John Dolloud, who was 

then a silk-wcavei atSpitalPiokls, and who m the ycai VyfiQ addi cased a lottci toShoi (the optician, 
whicli was published in the Plulosoplucal Tiansactions of London in the same ycai, “ concern¬ 
ing a mistake ni M Etilci’s Iheoicm foi collecting the .ibeiiafions in the object-glasses of rc- 
fjacting telescojies,” winch theoicni ftHioit obsoivcs in his accompanying Ictlci was “contiaiy 
to the established punciplcs of optics,” Dollond taking tlicgicatphilosophci Sii Isaac foi his 
patteiu, conducted Ins icseaichcs by cxpciimcnts, and aftci many liials asccitaincd, that the 
contiary icfiacUons of ceitam piisms of glass and of watci xvouUl make the coloius disappoai, 
when the icfi action occasioned by the watci was to that occasioned by tlie glass as 5 . 4. Altei 
this discoveiy in the ycai 1757) oni cxpcinncntalist piocccclcd to inakoaii object-glass composed 
of a deep double convex lens of pin c watci, united to a couc<ivo one of the same glass, and the 
image foimecl by such an objocL glass was free fioiii colour, but was indistinct when magnified 
by an eye-glass, by leason of tlio sphcncal abeiiations occasioned by the cuivcs. It xvas in 
making these expoiiinents that Dollond discoveiod the which laid the basis of the 

achioraatic constiuction, he astci tamed, in the case of an union of glass with watci, that the 

powci IS not always jw oportoifff to the re/7as Sii Isaac fiom sunilai cx- 
pciimcnts had concluded was the case. (Newton’s Optics, p. 112. 3d edit.) 

G, Aftci this discoveiy the idea natiually suggested itself, to tiy what the dispcision would 
bo in othci diaphanous bodies Aflei some lime dillcieni kinds of glass wcic obtained, and in 
the ycai above stated it was found, fiom tiying piisms of vaiioiis specimens of glass, that the 
dispcisivc powet ofcliiystal oi whiteglass was giea/er than that of the English e/own glass, 
and also that tlic quality of the lattci Was veiy sunilai to that of the sliaw'-colomcd Venice 
glass, with legaid to its dtspemve piopeily. A wedge of flint glass was so fitted to a wedge of 
ciown glass, by leveising then lofiacting angles, and by giinding away a poition of the flint, 
that, then opposite lefiactions being equal, the pencil of incident lays pioceeded thiongh 
them both in a straight line, and when tins counteuiction took place, the angles of the two 
wedges weie lespectively 25 and 29°, and the sines of half their angles, oi the indices of their 
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lofiactions, weic 216 and 250, oi nearly as 19 2?. Though the ducction of the pencil of 
light was now unchanged duiing the passage Ihiough the solid foimcd of the two iinecjual 
wedges, yet the compound lays had not all the same diveigenco, that is, some dispcision le- 
inained aflei the iofiactions weie equalized, and the wedges had then piopoitions so altered a 
second tunc, as to pioduce a due opposition of dispeisions to dcstioy the icinaining colouis. 
When this was done, the icfiactive powcis of the wedges were found to bo ncaily as 0.3 j and 
consequently the sines of half their angles 19 33, or noaily as 4 7* Iii Ihis combination 
of the wedges, the lays which cntei tlic ciown glass paiallcl, emerge fiom the flint also paiallcl, 
notwithstanding the difFeient icfiactions, and proceed aftciwauls without coloui. Fioin this 
cxpeiiment Dollond was led to conclude, that, in the constiuction of a double achiomntic object- 
glass, the convex focus of the ciowu glass must be, to the concave focus of the flint ucaily ns 
7 ‘ 4, 01 in the latio of then lospcctivc dispoisive powcis; which, as we have nliendy stud, Mai- 
tin afterwards dcteimmcd to be as 5 S. A telescope was constiucted on this puncipio so 
eailyas the ycai 1758, in which an exact balance of the opposite dispcisive powcis of the 
Clown and flint lenses made the colours disappear, while the picdominating lefiaction of the 
thickci (ciown) lens disposed the aclnomatic lays to meet at a distant focus, 

7 . The elTecls thus ptoduced will bo moie clcaily appiohcndcd if wc represent two piisms, 
in a cliagiam, opposed to each othei at some distance, and show how the inculont i ays will bo le¬ 
ft acted and dispeised under diflercnt ciicinnstances, Let aheha the section of a prism of 



ciown glass, and ABC that of a similai prism of flint glass; and let two pencils d and D entoi 
these piisms lespectivoly in opposite dacctions 5 then g and G will bo the giccn lays of moan 
icfi action, h and 11 the icd, ot those of least icfiaction, mid i and /the violet, or those of great¬ 
est lefiaction. Since the icfractivo power of the flint prism ABC exceeds that of tho ciown 
prism a be, the mean lay G in the fiist will fall nciucr Us pnsm than Iho ray g, or mean of the 
second to its piism 5 but the angle of dispeision opposed to III will begioatci than that opposed 
to h i, though the piisms have tho same icfiacting angles at C and e. Now tho refraction and 
dispersion In any pusm, as has been said, will both bear tho same pioportion to tho rcfiactuig 
angle of that piism, in any given specimen j llicrofoio these piisms may both bo reduced to any 
given quantity by a corresponding icduction of the refracting angle, i.et the side CA of the 
prism of flint be giound down till it becomes Ch, Ihcieby making the angle BCA the oiiginal 
icfiacting angle, equal to BCk the new icfiacting angle, and lot this second angle be to tho 
liist, as the refractive powei of the ciown is to the 1 oft active powei of the flint j that is, let the 
lefracling angles at Cand c be inveisely as the left active powers of the two specimens of glass 
foi med into prisms; viz as g/F G Ff, m winch case the mean lay G will be extended to c, and 
Fc will be paiallel tofC} and thus the mean rep action oi tho two lenses will be alike, the angle 
fif J^/being = the A g/ 2 '’, by being alternate. In tins propoitionoftheiefiacUng angles of the 
opposite prisms, the i ays would both entei and emeige parallel as to refraction, if tho pusms were 
in contact, and would theiefoie never come to a fecal point 5 but with respect to dispersion that 
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of the flint would predominate, since the angle IlFI would in a ceitain degiee exceed the angle 
lift, and tlieieloie the coloiii would not be entirely destioyed. But these angles of disiicisioii aio 
what we want to be equalized, by making the icfiacting angles at C and c of the two piisms in 
exact propoition to the dispeisive poweis, oi to the spcctia h t and III in oiu pieccding diagiam 
to eftect this puipose, let also the side BC of the flint piisin be giound down a little to I, so 
that the lefiacting angle ICkoi this flint may be to the lefiacting angle acb of the ciown m 
this ratio of the spectia. When tins second leduction of the flint is made, the dispcisivc powers 
of the two pusins will become equal, but the lefiactivc powei of the ciown will now bo the 
greatei, audits piedominance will bung the achiomatic lays to a distant focal point, foi the 
foimatiou of a colouiless image. 

8. In the next place let us conceive two ciowrt pusins placed base to base, and two flint 
prisms, such as we have deteunined, placed point to point, as inbciibcdin the figuic, tho foinioi 


it fi 



pan within the convex lens ab, and the latloi pin within the concave lens cc, then such a figinc 
will form a double achiomatic object-glass, provided the curves aie not of such a natuic as to 
pioduce spheucal abeirations that will occasion indistinctness of vision, which isaconsidciation 
of anothei natuic. 

9. If we oonsidci the double convex lens a h as having equal ladii of cuivatuic on both 
sides, and tiacc tho piogiess that the incident lays di/and 5 will have m passing thiough it 
singly, we shall find that, if they come paiallol oi fiom an object at an infinite distance, they 
will be refiacted inwaids, and meet at the point o, which is the geoinctucal ccntic of tho fiist 
cuive, piovidcd the glass be of a quality similai to that used by Sii Isaac Newton, in which tiie 
sme of the angle of incidence was to the sine of the angle of lofi action as 30 21, oi iicaily as 
3 3 out of ail into glass, but when the double concave lens of flint is applied close to tho said 
convex lens, while the mean ray g proceeds in a stiaight line, tho two cxtieme lays d dt will be 
lefiacted outwaids, oi m a contiaiy direction, and will omcige at the poiuts/andj^ and aftei 
wauls proceed with a less degree of conveigencc to the distant point 0, which is the achio¬ 
matic focus of the compound object-glass. When howcvci the ladu of curvatuic aic alike foi 
the two faces of the convex lens, its thickness and spheucal abetiation aie too gieat to admit 
of distinct vision, and in piactice it is found ncccssaiy to modify the cuives of both lenses in 

such Way that the bad effect of spherical abeiiations may be counteiacted, as well as the co¬ 
lours destroyed The propoitional fodal distances of the two lenses must be ncaily as 2 3 to 
produce an achiomatic image, tho convex lens having the shoitei focus, and thcicfoie the 
greater refraction, which, by exceeding the opposite icfi action of the concave, bends the lays 
sufficiently to biing them to then achromatic focus. But a lens may bo giound into vauous 
cuives, as they respect each other, and yet the focal distance of the lens may lemam the same; 
hence the optician has his choice of cuives, in regulating his spheucal aheiiations, which curves 
-will depend on the respective lefiactive and dispersive powers of the particular discs of glass. 
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that he adopts foi the foimation of his inlcnded object-glass When the lefiactive powoi 
of the convex is small in compaiison of the lofiactivc povvei of the concave, the ladii of the 
convex curves will icquiic to be shoitcned, to obtain the lequiicd focal distance, and the con- 
tiaiy, also when the piopoilion between the dispeisive poweis of the two kinds of glass is 
found to be cxtiaoidinary, the icspectivc focal lengths of the two lenses will not be stiictly as 
2 • 3, but in an alteied latio depending on the iclativc dispeisioiis 

10 If we put the latio of the sine of incidence to the sine of lefiaction as . « in .my 
specimen of glass, as is usual in the theoiy of optics, this latio may be determined piactically in 
various ways, such as Dr. Wollaston’s, oi Di. Bicwstei’s methods, oi, which is better, bygimd- 
ingthe gliiss into a lens, and finding the dinbicncc between the gcoinctric,al focus, and the focus 
dcteimmcd by the actual icfiaction, which thcicfoic has been called the refracted focus. The 
last raci hod was pi.ictised flist by Mai tin, .ind .vfteiwaids inoie successfully by the Senior 
Tullcy, who, with a haid metallic tool of known cuivatiiro, gioiind .at the same time, and par¬ 
tially polished, vaiious specimens of gl.iss to I he s.unc laduis, and then c()mp.arod togethei then 
icspectivc solai focal lengths, whicli aic always inveisoly .is then lefiactivc poweis Aftci 
having done this with a specimen of both the mown (oi plate) and flint glasses, Ihisaitistis able 
to compute his cuivcs, and, by his poculiai dcxteiity of tact, to woik the faces to such poifcct 

figures, that all the souices of oiioi will be cuied by him, that art can accomplish with given 
specimens of glass. 

ll. riic AsUonomical Society of London have kilely had a most convincing proof of the 
sl.ilc of peifcclion to which the ait of constinctmg .icluomalic object-glasses is now brought, 
when Hiutablo discs of both soils of glass can bo obtained, which acquisition, as we have before 
8.ud, IS now a dcsulcKitum in the mamif.icUnos of this countiy. 

J2 With icspcct to the pusmatic oi chionnUic ahoiuitions ol a leiw, Di. Smith has shown, 
tluit, if the common sine of incidcnco bo to the sino of icfi.ictiou of the Ica&i icfraiigiblc lays 
of light as 1 • Ji, and to the sine of icfiaetion of the mosl lefiiingiblo lays as / • S’, thou the 
diameter of the least ciicular space into which hotelogeneal paiallel lays can ho collected 
by a sphciical suifaco, oi by a piano convex lens, mil be to the diameter of its apcituio in the 
constant latio of to + which intio will be found .is 3,. 55, Foi if we suppose, 

with Newton, that the piismatic spoclrnm is divided into seven piimaiy colours, and that the 
oxliemo led and violet rays have thou sines of incidence and of rcfi action, I, Ji, and S re¬ 
spectively, as 50, 77, and 78; then we shall find that (S-B) • (S hjK-2 i)* 1 • 55, 

13. In like inannci the diameter of the least circle that can icccivc the lays of any single 
colour, or of several contiguous colouis, may be dcleiminod fiom the piopoitions of their sines. 
For instance, if the sines of the outeimosl oiangc, A B, and of the yellow, A S, be to the com¬ 
mon sine of incidence respectively as 77|- and 77i to 50, the diamctoi of the small containing 
circle, when a plano-convex lens is used, will be only one two hundred and sixtieth part of the 
whole apcitiire* but still tills small circle must be considetod as more than & ma e point, 

14 . The same author has also iiiferied, that in diffcicnl suifaces of piano convex lenses, 
the angles of prismatic aberration, B, A, S, aie as tlio bieadths of the apertures directly, and as 
the focal distances inversely. Hence, in the eaily constiuction of the refracting telescope, be- 
fore the chiomatic aberration was cured, the focal length of the lens forming the object-glass 
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was long, and the apeituie small, and yet with such advantages the image would not boar to 
be much magnified by the eye piece. 

IS, In judging of the achioinatism of an object glass by the method of dinwing out and 


pushing ni the eye-piece, to obtain the giecn and pin pie fiinges occasioned by the icmainmg 
colouis, when the led and violet aie collected (§ IV, 10.), it is ncccssaiy to employ a good eye 
piece of the negative constiuction, winch gcnci ally gives ahettei field of view than the posi¬ 
tive} for otheiwise the supposed iinpcifection of the ob)ect-glass may be actually the imper¬ 
fection of the eye-piece. If any fnnges of led oi yellow aic obsci ved on the edges of n white 
disc placed on black giound, when the telescope is adjusted foi distinct vision, and tlic disc ear¬ 
ned to neaily the edges of the field, this species of colouiation indicates that the cyc-piccc is 


not sufficiently fice fiom sphcncal abonations; and if the ciuvcs of the lenses aio suitable foi 
each othci, the cine is effected by an altcialion iii the distance between them, which must be 


finally adjusted by tnal with a good object-glass. Indeed if the object-glass be cvci so perfect, 
a bad eye-picce will gicatly injiue its pcifoimance, 

16. An object-glass may, howevci, be peifeclly achi omatic, and the eye-pieco may also be 
good, yet the aberrations aiising fiom the iclative cmvatuics of the lenses foiming the object- 
glass, may occasion, and often do pioduce, a mistiness m the vision which icndcis it impcifcct} 
and 111 the present state of optical woikmanslnp, this cause of impcifcct vision icquiios more 
skill to couuteiact, than to insine the achioinatism. We have alicady given piactical methods 
of detecting tlio sphcncal cnois of an object-glass (§ IV. 9, 10, 11.) whcic they exist j but it 
IS the province of inalhemaiical investigation to determine such coinbmdtions of lenses as shall 


be both acliromalic and aplmaUc, oi without sphcncal abeii ations. This lattci tei in has been with 
much piopuety adopted by Mi. IIcrsch4> m his ingenious paper “On the Abcii ations of Com¬ 
pound Lenses and Object-glasses”, lead befoie the Iloyal Society of London, Mai eh 1821, 
which contains much useful information both of a thooictic and piactical n.Uuic, inasmuch a,s 
he has tabulated such results of his investigations, as enable the woiking optician to manufacture 
a good object-glass from the computed piopoitions of the ladii of cuivature, that depend on the 
diffeient refiactive and dispcisive powcis of vaiioiis specimens of glass. An object-glass having 
thiee convex suifacos and only one concave, was constiucted by Tiillcy fiom Mi. Ilcischel’s 
computations, and lliough the foimation of the flint lens was veiy diffeient fiom what be had 
been accustomed to execute in his oiclinaiy practice, yot he succeeded in accomplishing his 
object. The object glass turned out so good, that it was competent to sepaiate double stais of 
the fiist cli^s, and to exhibit minute objects veiy distinctly with an apeituie of 3 25 inches, and 
a focal length of 45 0. The telescope is now m the possession of a Mi Mooie of Lincoln. 

17 When Mr. Ilerschel had computed the ladii of cuivature foi the font suifaces of a dou¬ 
ble object-glass foi diffeient specimens of glass, he discovei ed two very impoitant ciicum&tances, 
resulting fioin liis equations, that were so combined as to give the dimensions of an object glass 
bee frpm abeiiations both foi celestial and teric&tiial objects, which ciicumstaiices aic, fiist, 
that the external, viz. the fiist and fourth, smfaces vary so imperceptibly m the diffeient speci¬ 
mens of glass,'that they may inpiactice be consideicd constant, and secondly, that the inlei nal, 
01 second and thiid, suifaces have veiy nearly the same radius of curvature, so as always to al¬ 
low of a veiy near appioach to contact. He has in fact come to this conclusion; “ that a dou- 
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ble object-glass aviII be fiee fiotn abciiation, piovidccl the lacluis of the cvteiioi siuface of the 
Clown lens be G72O, and of tlie flint 14 . 20 , the local length of the combination being 10 . 000 , 
and the ladu of the inteiioi siufaces being computed fiom these data, by the foiinulai given in 
all elementaiy woiks on optics, so as to make the focal Icnglhs of the two glasses m the dnect 
lalio of their dispcisive poweis ” Object-glasses of any focal length, consUiictcd accoiding to 
these piopoitions, when made of oidinaiy spociincns of glass, if well woikcd, will bcfiee, 01 
lieaily flee, fiom both the chioinatic and sphcucal abeiiations, 01 may be made so by slight 
alteiations. When an object-glass is good, concontiic iings will appeal, beyond and shoit of 
the solai focus, when a stai of the fiist oi second magnitude is viewed; foiming sections of the 
cones of lays that aie dificicnlly icfrnngiblo, as they appioacli to or iccedo fiom the focus ; if 
these lings aie ciiculai, fiee fiom mistiness, and alike at equal distances fiom the place of dis- 
tinct vision, the woikmanship, as well as the miiteiials, may be coiisideicd excellent. Tullcy’s 
piacticnl methods of pioceoding may be seen luidci the aiticlo Tiamscoim, in the Cyclopflodia 
aheady inoic than once lefeiicd to. 


J IX STANDS FOR ACIIBOMATIO REFRACTING TELESCOPES fPLAVUs II. V VI ] 

1. When an achiomatic icfiacting telescope is not of a siw that admits of being cnuied in the 
pocket, it is usually packed m a bo\ containing a biass tupod and diflbient oyo pieces, suitable 
foi obsoiving both celestial anil Iciicsliial objects. The stem of the tupod has a motion in avi- 
muth, which, in some of the bctlci insli uincnls, is legulatcd by quick oi slow motion, as occa¬ 
sion may icquiie, by the aid of caculiu lack-woik and a compound, or Hooke’s, joint at the 
cxtiemily of the handle, while a joint at the top of the stem caiiics a bed ibi the tube, to 
wbicli It 18 made fast at its ccntie of giavity by a pair of thumb scicw.s, Wlicie a simple view 
of a celestial body is all tlial is icqmicd, such a stand is competent to its puiposc, piovulcd it 
be placed in a situation not liable to pioduce vibiations that will dlstuib the vision. But if the 
telescope be laige, and admit of gicat powci of magnifying, it will not be auflicienlly steady, 
unless pci haps countci poised accouhngtoli’iaunhofor’splan, heieaflci explained, when siippoited 
only at one point, 01 ccntio of motion. Vaiious stands have been contiivcd foi suppoi ting heavy 
telescopes at two 01 moic points distant fiom each other, which afford the inciins of pioducing 
motion, both voitical and hoiizontal, in any given quantity, and with any requisite degree oi 
velocity, to piomote the convenience of the observer. Wo pioposc to desciibe in this section 
some of the most appiovcd modem stands, by a loforence to cngtavings that, we trust, will icn- 
dei the utility of then diffeient pails sufliciently obvious. 

2 . Improved stand .—Fig. I, of Plate II. exhibits a peispcctivo view of a feet acluo- 
matic telescope, with an apeiture of more than Ihieo inches, that will magnify from 60 to 
about 200 tunes, and that is vciy useful for observing eclipses, occultations of stais or planets, 
and iinmcisions 01 cmeisions of Jupitei*s satellites. The tube, a /i, is tapering for the sake of 
lightness, and may be of eithci biass 01 mahogany, the stem, c, is a strong brass tube, also 
tapeiiug a little, that will ievolve smoothly lonnd a stem of polished steel, which forms the 
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vertical pait of the tiipod , and each foot has a joint, whicli aio of no other use but to fa¬ 
cilitate the paclang, by allowing the feet to appioach one anothei. The top of the revolving 
tube, c, beais a cianked piece, on which the main tube of the telescope lests by means of a pair 
of levels, n, bcaiing each a pivot at the middle, one of which levels is concealed fioin sight 
111 the figiiie, then a pan of tapped nuts with nulled heads take hold of two sciows, made 
fast to the mam tube, and fix the levci to them by means of notches made on then icinotc 
ends, while the middle 01 thud nut takes hold of the axis of veitical motion, and pioduccs 
fiiction enough by picssine to hold the tube steady at any given elevation. At d is a small te¬ 
lescope, with but little powei, and consequently an enlaigcd field of view, which has its axis ol 
vision parallel to that of the laigci telescope, the use of which is to find an object, when a high 
powei IS applied to the eye end of the mam lube, winch object, in tins case, would otliciwise bo 
difflciill to get into the field of view hence this sccondaiy telescope is usually called iha^nckr, 
Undei the eye-end of the telescope is fixed a system of bi ass tubes, sliding mto one another, 
the iiinciinost of which has a joint at its iippoi oxlicmity, and is lacked to suit a small pinion 
fixed on the axis of the thumb piece,^ which pinion is used foi pi educing slow motion m alliludo, 
when the findci is pieviously ducctcd iipwaids to a celestial object, and the clamping piece at 
e, that sunouncls the outcimost tube, has made it fast to the next conligiioiis tube, that has a 
joint at its lower exUemity, In this way the telescope icsts on thieo points, one at the eye- 
end of the tube, and one at oacii pivot of the axis of veitical motion, and thus all ticinois me 
obviated, which aic liable to occiii when the mam telescope is siippojtcd only at its ccnlio. At 
/, the lowei end of the jevolving tube f, is made fast a cucular lack, which admits an endless 
sciew on the inner end of the handle^, that is furnished with a Hooke’s joint, which sciew 
can be detached fiotn the lack, oi braught into contact, by a spiing-piccc that will roinain 
m either of two positions. ‘ The use of this coiiLiivauco is to give a quick hou/onlal oi an- 
muthal motion without the handle, when the laclc is detached, but a slow one, by means of 
the handle, when the endless scicw is m action • and when the light hand holds the 
handle g, while the Icfl holds the pieccA a copipound inolion in any given diicction may bo 
easily impaited to the telescope, while the eye applied ncai a is viewing the body in appaiciU 
motion, which may thus be followed, with the icqinsiLe velocity, during the lime that it is undoi 
examination. The advantage that a long veitical axis has ovei the common one with oidmiuy 
joints IS, that it lonfeins fiee fiom shako in wcai, as w'cll ns fioin tieinois in use, and piodiicos 
motions tiuly veitical and hoiizontal by means of the long beaungs of the ccntics of motion, 
piovicled that the tiipod bo piopcily placed, and on an immoveable basis. When a micioinctcr 
IS applied as an eye piece to this telescope, oi aqiiadiant of altitude attached to the tube, it 
would be desuabloto apply scicws to the feet of the liipod, paiticulaily il the quadiaut is 
furnished with a level, in ordei to make the stem peifectly veitical. Theic aie usually scvoial 
celestial oyc-pieces, one of which is lepicsentod by Ii, and a smallci piece, oi highoi powei, is 
screwed into the inner small tube at which 13 made to pioject raoie oi loss fiom tho main 
tube by the milled nutw, the axis of which canics a concealed pinion that dxivcs the lack 
attached to the said tube, duiing the adjustment foi distinct visjon. It is convenient, when an 
observer has different telescopes, to be able to apply any of the diffeient eye-pieces to the same 
individual telescope in succession, and the simple contiivancc, xepiepented at i, will answer tho 
purpose of adapting the eyerpiece of one telescope to the eye-tube of another. This contriv- 
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ancc IS nothing moie Ilian a shoit piece of tube with a male screw on the oiitoi face, and a 
female one on the innei, the foimci to fit tlie eye-tube, and the latlei to suit the sciew of the 
eyc-pieco. An cye-piecc heaung an adapter of tins dcsciiption is seen attached at I , and a 
small cap, with a daninisliod cential apcitiuc loi limiting the place of the eye, is usually 
sciewcd to the outei end of the eye-pieco. A few o( these caps, holding each a piece of co- 
louied glass, of dilFcient shades, aic ncccssaiy to piotcct the eye when the sun is the object of 
examination. Moic than one instance has occuiicd, whole a want of duo attention to this 
piecaulion has spoiled the eye of the obscivoi incuiably. A little cxpoiicncc will show that 
some states of the atmosphcic aic much moic favoinable foi the good pcifoimaneo of a tele- 
scope than othcis, cuiients of an and gicat humidity aic pailiciilaily unfavouiable, thoforinei 
producing ticraois, and the lattei moisture on the siufaco of the object-glass Generally 
speaking, a telescope poifouns best m the open an and on the solid giound, whcie the tioading 
of the obsoivei docs not affect its steadiness of position • but, to admit of oxtcinal obscivations, 
the sky must be scicne and ])oifeclly calm, which is mostly the case about .sun set. 

Besides the celestial pieces hcie noticed, a telescope of this dosciiptioii has genoially a 
couple of foui-glasscd eye pieces, soon in fig i2, which show the objects eicct for toiicstrial 
pmpososj and sometimes diugonnl eye pieces foi iclicving the body in high elevations, scon m 
hgs. S, 4t, 5, and G, all which will bo scpaiatcly dcsciibcd heicaftcr. 

3. Doli.ond’s Stand ■—^When the telescope is fioin four to six feet Jong, and lias not a 
diagonal eye piece, it becomes vciy inconvenient to stoop to the eye-end when the altitude is 
considciable, and the cciitic of motion at the middle of the tube ; to icmcdy which inconve¬ 
nience, Ml G Dollond lately contuved the stand which is icpicsonlcd by %. 1 of Plate V. 
The flame woik of this stand is suffieienUy intelligible I'lom inspection of the liguie, it is 
composed of bais of mahogany, and icsLs on llncc castois, two of which aio made fast to Lhcii 
lespoctivc legs in the usual way, and the thud stands undei the middle of the lowm hoii/.onUil 
bai, tliat connects the two opposite legs, so that the fiaino has all the advantages ol' a liipod. 
As bcfoio, a and h denote the hvo ends of the toloscopo, which cames a fliulcr, and has its 
ccnticof modon uiidci the eyc-oiul of the main tube, winch thoicfoio icinaiiis at the same 
height fiom the ground in all degices of elevation of the objoct-cncl. At some distance be¬ 
yond the centic, a clamping piece of tube suiiounds the mam tube, and foims the supciior 
suppoii, while it regulates the altitude by its sliding motion along the tube W'hich it embraces, 
but does not pinch too closely to cieatc much liiction, though it may be set fast by a clnmping- 
8 C 10 W in anyieqiiiied dogteo of elevation. The piincipal contiivnncc is, to give motion to this 
sliding piece without shaking the stand, oi putting the body of tlie obseivcr oul of a standing 
Ol sitting position, while the 1 cquisite motions aio given to the lolcscopo thus elevated, and 
appaicntly in an unmanageable situation. This object howcvci is accomplished by simple means 
in the following mannci the stiong bai c f, having an horuontal axis d e, going acioss the 
top of the flame, and icstmg m two brass pcifoiatcd suppoits at their oxtiemitics, oi pivots, 
ascends fiom noaily the middle of the fiaine, and leachcs to the sliding piece above desciibecl, 
with which it IS connected by two joints, one allowing vortical, and the othci lioiizontnl mo¬ 
tion, but at picscnt we will attend only to the mechanism that pioduces the formei. A lever o) 
tail-piece d g has a hole in its upper end, tluoiigh which the honzontal axis d e passes fieely, 
and when it lias taken a vertical position, the hoiizontal screw h g takes hold of it, and passes 
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seveial tuins of the sciew tliiough its infenoi end, which is tapped foi a coiresponding thiead: 
then d small scicw, ncai the milled nut I, enteis the fiame, and passes into a gioove tinned on 
the axis of the said sciew I theieby pieventing this axis fioin quitting its situation eithei 
inwaids oi outwaids. The consequence is, that the tail-piece is acicd upon by the sciew 
I gy eithei backwaids oi foiwaids, accoidmgly as the nut I is tuined in a diiect oi ictio- 
gtade diiection , but no effect is pioduccd on the elevation of the telescope while the tail-piecc 
lemaiiis detached flora the axis of the huge bai oi siippoit cj, this being intended only to logii- 
late the slow motion. The appioximate elevation is fiist gained by a push given to the lower 
extremity of the snppoit cf, which immediately laises the opposite oi superioi end, and with it 
the telescope, the sliding piece adapting itsolf to its tine position on the tube, then, while the 
elevation lemains niialteied, by means of a slight piessme by the left hand on the suppoit at^^ 
a clamping screw, of which the horizontal axis is visible at A, is moved by its img at the exle- 
lior end, till it has clamped the tail-piece d g, to the axis d e of the suppoit, aftei which any 
fiuthei slow motion in altitude may be given to the telescope by turning the milled head k 
by the left hand, in the requisite diiection. With lespcct to the lioiizontal motion befoie re- 
feued to, a hoiizontal sciew i, eveiy way siniilai to the screw/r lies at light angles to 
tins, acioss the flame, and caxiies a milled nut at each end, which appeal in the figuie 5 the 
axis of this sciew passes tluough tlie metallic piece that foinis the lowei poition of tlie joint 
01 ceiitie of vertical motion, undei the eye-ond, and when tins piece is acted on by the sciew, 
the telescope has aslow lioiizontal motion louncl the second joint, at the uppei end of the sup¬ 
poit cf Thus, if the light hand manage the sciew at i, and the left that at k, while the eye is 
applied near a, a epmpound inotionTn any diiection may be given to the telescope, wliile the 
heavenly object IS passing tin ough the field of view, and an obseivation maybe completed 
vvith the gieatest ease, as well as coinfoit, notwithstanding the gieat length of the telescope 

4 ), Smuaton's Support —When a telescope exceeds six 01 seven feet in length, it may bo 
used by placing the object end on some elevated peg, post, 01 ti ee, and guiding the eye end 
by a two-legged adjustable suppoit, that has the means of giving slow motion, both in altitude 
and azimuth. We have seen such a suppoit at Gicenwich, hut in the pieseiit impiovcd state 
of acluomatic telescopes it can veiy seldom be wanted. Tlie lepiesentation of a contuvanco 
foi this puipose, supposed to have been invented by Sineaton, is given in fig 8 of Plate XXX. 
of Astionomical Iiisti iiments, in the new Cyclopaidia edited by tlic late Di Rees, and is desciibcd 
undci the article Tellscopl. 

6 . Tulley’s impkovement or Vaiilky’s stanb—O n a lofcience to the figuie of Dol- 
lond’s stand, which has been above desciibcd, il will be obvious, that the flame is not adapted 
fpi easy conveyance fiom one place to anotliei, all the paits of the flame being peimanontly 
fixed, and the flame itself too bulky to be admitted into a convenient packing-box. Varlcy’s 
stqnd 18 not liable to this iiicoiivemence, and as impioved and now constiucted by the Tub 
leys, 18 perhaps one of the best stands foi a modeiately long telescope, of any tliat have been con- 
tnved without the equatoiial motioh This stand is lepieseiited by fig 1 of Plate VI, in such 
a position as is calculated to exhibit all its most essential paits, as much as is possible m one 
figuie As befoie, the tube a foims the telescope of moic than an oidiiiaiy length, with its 
eye piece and finder, it lests on two mahogany Fs attached to a frame of the same wood, 
Mpmediately contiguous to the mam tube, which is buckled to the said frame by two leathern 
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simps, seen between the letlcis c and rZ, which method of fixing lendeis the stand useful foi 
a telescope of any dimensions This fi.imo is paitly concealed in its elevated position, by a 
second fiainc inulei it, on which the iippoi fiamc is incumbent these two flames aic united 
by a bolt and tapped nut ncai thou elevated ends, but so tliat the bolt loims a centio of motion, 
and allows the uppoi flame to glide ovei the otiici at its lowoi end, eitbei to the light m left 
tins motion is piodiiccd and icgulatcd by a piece of cuculai lack-woilc, the lacked poiLion of 
which is made fast to the lowci liaine, while the pinion and its axis aic attached to llio nppci 
one, tins axis is seen with its milled head, and squaicd end, at e, mulei the eye-end of the 
telescope. 'Oic lowci flame has ils axis of motion in elevation acioss the Aainocl lupod, oi 
lalhei IS hinged thciolo at its lowci end, so as to bo capable of any elevation. The fiamc of 
the lupod IS foimed ol two pieces, namely the luipcziuin fg h i, anil the tiiangic Alw, both 
of mahogany, and when the In'acing bais aic unscicwcd, those two poitions will lie flat upon 
one iinothoi, by means of the hinges at h and 1, The two uppei liainos that foiin the bed of 
the telescope when det.U’hetl iioin the iackod hai n, (hat snppoils them, will also ho down 
upon the fiat tiipod, when the teloseopo is dismounted, and the staiul, being londcied thuH com- 
pact, in.iy be suspended on a pin .igainst a wall, oi packed foi camiigo m a long sluillow box. 
Acioss the tiiangiilai log of the lupod is an hoii/ontal axis, tinning freely on its end in buiss 
ca])s attached to the mahogany at o and p, and a handle on the axis of a pinion made fast to 
the hoii/ontal axis above desciibod, nets with the teeth of the lacked bar n, and holds 
it in any given situation, with lespect toils angle of alt llude At the supeiioi end of tins 
lacked bai is a bingo of biass, the uppei pint of which is fixed to a sliding piece, that /its into 
a dove-tailud piuallclogtiun fouumg the luulci pint of the lowci fiamc, and the quick motion 
m elevation is given to the telescope by the sliding motion of the ilove-tailod piece, pio- 
duced by tinning the lunullo of the lack-woik, which inck-wmk may be elampccl by the 
milled head of a sciew, seen neiu the handle at the lowci part of the racked bav. But to 
pioduco the slow motion in elevation, a lunullo <7 is mscitcd on the sqimicd end of n brass 
lod, that passes under the lowoi fiamc, till it roaches the sliding clovc-tiulcil piece, the lapped 
pait of which It entous, and the screw foi mod on its upper end gives the slow motion as iJic 
handle 17 , winch has a Hooke’s joint, is tinned loiinil. Then, when anothoi handle with a 
Hooke’s joint is applied to the axis of the pinion at e, altachcd to the upper flainc 01 bod of the 
telescope, and acting with a hoiizonlalrack fixed to thoimdci flame, the light hand will miuuigo 
the foimoi, and the left the lattci, in regulating the compound motion, winch may bo iiccc&saiy 
in keeping a moving object in the field oi view of the telescope. The mahogany boaid .seen at r, 
selves foi atablelo bold the dillfcicnl eye pieces, and also asastictclnng biaco to the imme-’a^ork. 
This stand, like Dollond’s, winch is a moio recent contuvonce, has its cciitio of moDon 
iicai the eye end of the telescope, and the body of the obsoivci is thoicfoio kept in an eiett 
poslnie, while a heavenly body is obseived even at a coii,sulcuible altitude 

What adds impoitiuice to stands for long iclcscopos is, that the magnifying ppi'^si of <Giy 
telescope is considered the bcsl, when it is derived moic flom the object-glass dian flora the 
eyc-piccc , because as the imago of any object to bo viewed is entiieiy Zoilucitl by the object- 
glaSs, and is enlaigedin pioportion to its focal length, the cye-piecc is only employed as a 
micioscopo to view that imago, such as it is, and no additional power that can be n^iplied at 
the M^'Will rectify an impeifect image* but on the contiaiy* will render the imperfection more 
visible. 
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§X EQUATORIAL OR PARALLACTIC STANDS (PiailsI II V) 

1. In all the pieceding stands foi achiomatic telescopes the motions produced aic in altitude 
and azimuth, which aie sufficient when a single view of any heavenly body is all that is le 
q[Uiied, but when the body is to be kept within the field of view foi some time, to affoid the 
opportunity of examining it minutely, as in the case of raeasuiingthe diametci of a planet, oi 
of the distance between two' contiguous stais, it becomes necessaiy that the telescope should 
have such a motion as will enable the obseivei to follow the body tluough its ciiclc of de¬ 
clination, as it alteis Its light ascension, without the tiouble of making xepeated adjustments 
foi new altitudes The most peifect stand that a telescope can have, foi effecting this puipose, 
18 a laige equatoi lal instiiunentfiunished with graduated ciicles and having the nicei adjustments, 
such as we shall have occasion to desciibe in the sequel ofoui volume, but as these instiuincnts 
aie veiy expensive, inoie simple stands have been contuved to peifoira a like office in a sa- 
tisfactoiy mannei. 

S The fiist stand that was contuved to give a motion paiallel to the cquatoi was by Stnea- 
ton, who fixed a cyhndiical block of duiablc wood on thiee legs with hinges at the uppci ends, 
that allowed them to extend themselves into the foi in of a high wooden liipod The puncipai 
paits of this stand with its biass appendages aic shown in figuie 7 of Hate I., in perspective, 
wheie all the essential paits ave piesented to view, and maybe thus explained. The cy¬ 
lindrical poitions a and b aie so divided by an inclined section, that m then fust position they 
form a perfect cyhndei, but when tho uppei portion & is turned half lound on a loiind bolt 
of steel, made fast to it, and passing down thiough the lowei poition a undei which it icccivca 
a fastening nut, the uppei face of the pait b is inclined towaids the hoiizoii in an angle equal 
to the CO latitude of tho obseivatoiy wheie it is intended to be used A slioug but small 
plate of biass is attached to the lowei half of the divided cylindei neai d, and the end of <i 
Spiing catch appeals lying in a notch of this plate, which catch is the end of a level made fast 
to the uppei half of the said cylindei and concealed fiom view the use of tins catch is to 
keep the two halves of the cyhndei in the position given them m the diavving, when the half 
b is turned half-way lound, to give the lequisite inclination to its supeiioi end, which m 
the fiist position IS hoiizontal, and may be kept so by a notch in anothei small plate at the op¬ 
posite side, winch the same catch acts with, but which is not seen m the figuie When the 
two halves a and i aie so placed on each othei as to foiin an exact cyhndei, winch we call 
the fiist position, tho motion of a telescope earned by the biass plate c lying upon and made 
fast to the supeiioi face of the poition b of the cylindei, has an hoiizontal motion, and in this 
position tho two halves foira the head of a plain stand, and togcthei aie called Smeaton’s Block, 
but In the second oi piesent position tho cii culai plate c takes an equatoual position when its 

plane is made to Ue m the plane of the equatoi of the heavens, by making il face the exact 
nprth point, , 

This plate g has a stiong tube of brass fixed at light angles to its plane exactly at its cen- 
tie, which, descending into the body of the uppei half of the block, forms a socket to hold the 
lower end of the polar axis e, which is detained in its place by a collar and screw at its lower 



RQUATORIAL Oil PARAIJjACTlC STANDS 


d3 


exticmity, but so as to be capable of ievolving ■without shake. The sUong ladial bar is made 
fast to the polai axis e at the face of plate c, and caiucs a steel tangent sciew at its remote 
end acting with the ciiculai lack made at tlic pciipheiy of the fixed plate c, fioni which it 
may be detached by tlic milled head ol anolhei sciew that points to the ccntic of the plate, 
and diaws out oi pushes in the bed of the tangent sciew at the end ol btu f, as occasion may 
iccpiiic. ■When the tangent sciew is detached, the bai,/ and polai axis e will move lound with 
a quick iiiuestuuncd motion, but when attached to ahiuullo with a Hooke’s joint, seen ncai b, it 
pioduccs a blow motion Tlie In ass pai L ^ /i is foimcd into a squat o Iruitio by two paialle! sides, 
and two lunge bolts, the boll at ^ loiming a hinge Avith a poiliou of bai f, lonnd which the 
flame tiuiis, when the lowci end of sciew ?, which passes tluough the icniolo bolt, picsscs on 
the lace of the scnncuculai end of the bai by being tnniud lomul m a fonvaul diiccLion. 
Aiiothei tangent sciew passes tluough the inHldle of tins biass liainc g li, mid acts with the 
ciiculat lack cut on the peiiplieiy of the seimcuelo of declination, and a second Hooke’s joint 
with a handle tin ns this sciow when iicccssiuy, to give a slow motion in this diicction. The 
sciew i himgs the tangent sciow into action when luinod Ibiwaids,hutwlieu tinned backwaids 
detaches it, and leaves the seimcuolo lice to lake a quick motion in elevation. When the 
seiow t IS till nod loinul, the liolt into wliuh it screws tiuns on its pivots in the side bars of the 
small qiiadiaiigulai fuimo, and allows Iho sciew to l^eep its peipeiidicuhu position as it legaids 
the face of the bai/on winch it icsts. 'J'lic veiinei of the somiaicio is oUiiched to the side 
of the pohu axis c, by an intoivomiig bai on winch it is luyustablc foi zcio, niul Iho somicirclo 
IS divided to shew dcgioes and nunulcs of altitude Ol declination, accordingly as the block i» 
fixed m its fast Ol second position. 'I'he iippoi pait of the polai axis is divided down its 
middle to admit the semicade to puss tluough the sht, and the ccnlio of motion in altiUulcis a 
bolt passing tluough the iippoi end of the ])olai axis, and kept to its place by a tapped nut, 
which cioalcs fiiction enough to keep tlic sciinciiclo steady at any elevation. To the upper 
pait of the somiciicle, above its ccntio of motion, a melullic bed is fixed for the tube of the 
telescope to he in, to which it is fixed by two tiiillcd mils taking hold of tho screws attached 
to the main lube in the iisnal way. In oui figiuc a shoit piece of laigc tube is placed on the 
bed to show the situation of the telescope tv hen inoimled j and it is easy to peiccive that the 
two handles will guide tho motion, the light Iiaiid one in declination, and tho othci in light 
ascension. 

3. Hi coND CoNsTiuicriON.—Tile leadei will liavfi poiccivcd fioin oiu desciiptioii of Sinca- 
ton’s Block, that it is adapted foi only one latitude when it has no foot scicws to altci the eleva¬ 
tion of the poliu axis, in fig 7. of Blatc H. is tho lepicscnlalion of a second constiiiction, in 
which tlio whole instmmoiil is seen m a stale londy /oi use, and winch allows of any elevation 
that may bo icquucd. The din'oicnt paits and thoir uses will be easily apprehended fioin a 
short desciiption, aftei our explanation of Hincalon’s block has been icad and considoicd. The 
cyluuliical piece of maliogany a has the thicc foot attached to it by ns many stioug bi ass lunges, 
which allow the feet to appioach one another till lliey come in contact, oi to sopaiatc in the 
foim of a tupod till the tliicc-mmcd piece d pievents then fiirthcr separation, by being biought 
into a horizontal situation, which their lespcctivc lunges at cacli end will allow. This con¬ 
trivance keeps the feet steady at the extiemo limit of their extension, and yet when pushed u]>- 
wards at the central junction will ascend and permit the feet to appioach to any distance, till 

0 3 
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they come in contact foi packing in a box. Instead of the iippei half of an inclined block, the 
lettoi ilieie icpiesents a quadianlal aic of biass peifoiatcci with a ciiculai opening and gia 
dimtecl to 90% and a sciewwith a milled head passing thiough this cnculai opening, will fix the 
quadiantal arc m any given degiee of elevation by passing thiough the veitical fuunc made fast 
to the cyUnduoal block a* The cuculai metallic plate c is heic, as in Smeaton^s constuiction, 
the equatoiial ciicle of right ascension in time, and has its axis of motion passing thiough the 
hoiizontal axis of the quadiantal aic at and descending to the end of the aic to which it is 
made fast, so thatalteiing the degiee of this aic, as indicated by aveiniei not seen m thefigme, 
will alter also the elevation of the axis of plate c, which, though descending, is heie the polai 
axis, being as befoie placed at light angles to the plane of the cquatoual ciicle e , hence this 
axis may have any inclination given that the qnadiantal aic i will allow. The axis e of the 
quadiantal ai c has more length than that of a common joint, it being composed of a sUong pci- 
foiated plate with pivots at the ends, and admitting a cylindiical hole laige enough to contain 
the uppei end of the polai axis. To the face of the equatorial ciicle c a flame is fixed at light 
angles, which theiefoie ascends in the diiection of the polai axis, and caiiies the semiciiclo of 
declination on its uppei end, the diametiical bai of which is attached by a pair of screws to the 
tube of the telescope neai its centie of giavity, and the handles with the Hookers joints act with 
the lacked edges of the ciicle c, and semi-cucle of declination, in the same mannei as was do- 
sciibcd above with Smeaton^a block, and die detached and attached foi quick and slow motion 
m a siitiilai mannei The edge of a ring lying undei plate c has the giacluations foi light as- 
ccnsioDj and the veiiiiei is fixed to the cnculai plate, but as the scale of this diawmg is small, 
the paits could not be all distinctly lepiesented in the figuie We have placed an entne tele¬ 
scope on this stand, to show the mannei in which it is kept steady in use, how the object may 
be readily found, and how the lines of a miciometei applied to it may be illuminated A sys¬ 
tem of tubes nicely fitted into one anothoi aie made fast to the eye-end of the mam tube atj, 
and diaiving out of one anothei descend to the legs, to which two holding pieces of biass aio 
sciewed that leceive each a stiong pm turning on a joint at the lovvei extiemity of each of two 
sets of tubes, tlieioby giving steadiness to a second point of the mam tube, which is too long to 
be firmly suppoited at the centie of giavity only, and while those tubes pievent tiemois in the 
telescope, they do notimpede its motion m cilhci declination oi light ascension, when the handles 
aie used foi giving slow motion by means ot then lespectivc screws When the telescope is 
(lisijiounteci, the system of tubes being pushed into one anothei occupy a small space, and then 
pins aie inseited into holding-pieces at h made fast to the piincipal tube At ? is a small acbio- 
matic telescope, which enlaigcs the object liueaily about six oi eight times, made fast to the 
mam tube, and adjusted to such a paiallel situation, that it will always view the same object to 
which the laigc telescope is duected at any tunc, and as its field of view is much raoie extensive 
than the field of the gieatei telescope, it is used as a Jindo only, and has theiefoie two cioss 
lines of silvei wiie placed at light angles to each othei acioss its field of view, so as to intciscct 
one anothci at the ccntie, wheie the object is biought to befoie it will be visible in the laigc 
telescope. The milled nut at k has apnnon on its axis which moves the lacked tube w out of 
the fixed suirounding tube /, and the tube n is usually called the dtawet, the outer end of which 
holds an eye-piece o of eithei the celestial oi tenestiial constuiction, as may bo requued, it will 
also receive any of the miciometeis which are adapted to it, such as will be described in some 



KQQATORIAIi Oil PARALLACTIC STANDS 


45 


of oiu sub&cqueiil sections. At is a cuculiu apcituie made in the side of the main tube, 
which may be covoicd by a piece of hugci tube that suuounds it, and which, m being turned 
lound will cithci covei it oi suffci it to leuiaiii open, .iccouhngly as it is turned moie oi less, 
a couesponding hole being made in this i evolving piece of tube lor the piupose of eitlioi ad- 
milting 01 o\cliidiiig the light of a lamp, that is nocssaiy when the wiio miciometci oi any di¬ 
vided scale IS used at the eye-end of the tolescojic foi an oval piece of gilt metal placed diago¬ 
nally in the tube opposite the hole ji, and being itself peifoiatod, icficcts the mitigated light of 
the lamp lowauls the eye, while its cential apcitiuc adiinls the convciging rays coming fioin the 
object-glass to pass also in the same diiecUon, til) they foini the icqinicd imago at the linos oi 
stiokes of the imciomotoi. When the ohjoci is vciy small, oi emits but liLllc light, it will dis- 
uppcai m the supcuoi illumination of llio lump, which in such case may bo daikcucd by the in- 
Iciposition of gionnd glass, oiled papei, oi colouiod glass, as the obseivation may icqniic, A 
good telescope mounted in this nuuinoi and liaving nucioinctueal appendages, is capable of per- 
foimtug much seivice in the hands of a skilful obsoivei. ' 

4 'I'miin CoNS’iHUciioN.—Whou an acliiomaUe telescope has alaige npcUuic And a coi- 
lesponding length of tuho, its weight will bo loo gioal to be well suppoitod by eilhei of the 
jncocding stands, and Dollond has consluicted a moio substantial oi)0, \Vhich wo will now 
dcsciibo, as being convenient foi an obsoi'vatoiy, and quite competent to its purpose. Hus 
stand is exhibited with a telescope mounted upon it so cicailyin flgiue 2, of Philo V., 
that the icadci, who has pci used our account of the two other stands, will rcquiio biitlittio 
additional inlbimalion lespceting tlml, boyond what an inspection of the drawingwill give him. 
The leading featiiies of tins stand nic, that the tiipod leinains with its feet always extended, 
and IS fiuuiy biacod by cioss hius to keep it steady, tliaf it Igis fcct-scrcws of adjustment 
foi position, and that its pohu axis is made long enough'to ^nsine an inulcviating motion 
in light ascension, it has a level suspended undei .ind paiallol to iho maul tube, foi ad¬ 
justing the scniK'ucle of decliiiation ; and a jirop of sliding lubes is applied at llic object- 
end of the telescope, as well as a pan at the eye end, winch give llio instiiunent the ad¬ 
vantage of suppoit at tluco equidistant pails of the lube, 'rho nppci end of the polai axis 
bcais a stiong squaio plate of brass to wlucli a pan of bcaiing pieces aio attached, that supply 
the centic of motion in declination, oi in aUitiulc, when the veiniei at the lowci end of the 
polai axis points to yeio on the Jnigc quadianlal luc, that is giaduatcd on one of its faces, 
This quachanial me is made fast at lis lower end (o a cioss bai, that connects the two single 
logs, and passing between the two wooden bais that form the double log, i.s fixed at the nppci 
end to auotliei cioss bai that connects a pair of hoiiiioiital bais, siippoited m that position by 
the legs to all winch it is fast, so that tins quadrantal aic is so fnmiy fixed, that it is strong 
enough to keep the polar axis m any angle of elevation, when clamped to it by tiie usual ap- 
paiatus at the voiniei. The centre of motion of the polar axis is round a steel boll, connecting 
the lops of the two single legs, and the two screws for the icspcctivo slow motions woik with 
circulai lack-woik, fiom which they may bo dischaiged at plcasiuc, as in iho other coiistiuc- 
tions. The small circle between the racked ciicie made fast to the nppei end of the polai axis, 
and the square plate above, is the graduated ciiclc of light ascension, which in the Plate is 
made small, that the other pails may not bo concealed, but it may and ought to be much larger, 
to correspond with the scale on which the othei paits arc constructed, paiticulaily ns the si- 
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deleal time of making an obseivation by the instiument is leacl on tins ciicle As the polai 
axis has its elevation measured on the laige quadrantal aic, it is necessary that this should be 
piopeily adjusted, when tins axis stands at zeio, ■which adjustment is effected paitly by the level 
and paitly by the feet screws, and when it is once placed in the meiidian, with its horn ciido 
adjusted, and on a pillai, oi otbei film basis, the whole should be made fast, oi at least have 
metallic holes m which the feet-screws may icst peimanently. 


{ XI THE CONSTRUCTION AND USE OP THE DYNAMETER XI 2 

1 . In many of the most delicate obseivations made in piactical astionomy, it is of the utmost 
iinpoitance to know the exact magnifying powei of the telescope used, paiticulaily when ini- 
cioractiical measuicments aicthc means employed, to obtain the desued lesults, foi several 
of the imci'onieteis, heieaftci desciibed, depend entiicly on the knowledge that the obscivci 
lias acquiied of tins powei, which is made one of the data of computation. Vauous piactical 
methods have been devised of dctcimining the magnifying powei of a telescope, but we shall 
(onfinc ouisclvcs piincipally to the clesciiption of a small iiisliument, oiiginally contiived by 
Ilainsden, foi the puiposc of mcasiiiing the image that the object-glass, oi laige speculum, ol 
.1 telescope foims at its solai focus It has been alieady stated, that, if the solai focal distance 
of the object-glass of any telescope be divided by the focal distance of its eye-piecc, consideicd 
as a single lens, the quotient will be the magnifying powei of the said telescope But when 
the apertuie of the telescope is exactly known, its diametei, on the piiiiciple of siinilai tu- 
angles, will be to the diameter of its disc, foimed at the solai focus, and scon lliiough the eye¬ 
piece, in the same latio that the focal length of the object-glass is, to the focal length of tlie 
lens rcpiesenting the eye-picce , hence the diametiical mcasuie of the apeitine divided by the 
diametiical measuie of its image, oi disc, will also be the magnifying powei. 

2 An mstiument therefoic, that will give the tine diametei of the image of any given 
apeituie, will affoid the means of obtaimng the magnifying powei. This opoiation can only be 
peifoimed by optical means, because the disc to be ineasuicd is witliout substance, and is also 
foimed within the small tube bolding the eye piece, The most simple method of getting the 
incasiiie in question is by means of a second eyc-piece of the positive constiuctioii, holding a 
slip of mother-of-pe<ul, nicely divided into the liundiccltlis of an iiich,^ in the common focus of 
the two lenses, foi if this be held befoie the eye-piece of the telescope, at a shoit distance ft om 
the eye-lens, as a simple micioscope is used foi viewing any object, the disc of the object- 
glass will be seen lying on the scale of divisions, and a little dexteuty m making tliepiopci ad¬ 
justment for good vision, will enable the obseivci to count how many divisions aie covciod by 
the said disc, which will be so many iuindiedtli paits of an inch An eye piece of this kind is 
lepiosented by fig, 13, of Plate XL, wheie the lino a h shows the place of the divided scale, be¬ 
fore the two lenses that form the eye piece, and if the ftactional pait of a division could be es¬ 
timated with perfect accuracy, such an eyc-pieco would form a good dynaraotei, oi mstiument 
for obtaining the measwe on which the pow; depends, as the name impoits. 
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3 But Eamsdon coiigidciieel this niothod of piocming a measiuc of the luminous disc, only 
«s appi oxunatiug to the accuiacy, that a good dotcminalion of the magnifying powet demands, 
•md he thciefoic had iccouisc to au ingenious contiivancc foi getting a moic concct measuic 
by the aid of double images, which phm is higlily advantageous, in a case whcic a veinioi 
cannot be applied, to subdivide a giaduated scale, It ib also of equal impoilance, that the el- 
feelivc pail of the apciLiuc be tiuly mcasiucd, and Iherefoie caie must bo taken to diminish it, 
by a peifeiated cap, till i( is known that none of the light admitted is iiitci cepted by an intcuial 
duiphiagin, which may be asccitained by sticking a tuangulai piece of paper on the external 
face of tlio object-glass, ponitiiig to the ciiciimfoionto, and by examining its image in the disc 
ihiough llie dynamctci, oi lluough a positive cyc-piccc, oi even a single lens, loi it will appeal 
tlicic, if any, and whal poiUon of the whole apcitine i.s cut ofi’,fjom the poitioiiof the triangle 
that IS intciccptcd. 

't In consiuicting tlio double image dynamclei, it is iioccssaiy to divide the eye lens of a 
positive eye-piocc into two equal lialves, and to scpauite then ccnties, while the two semi-lcnscs 
continue m contact al the line of junction, foi then the qiuinlily of sepaiation is made the inca- 
siuo of the distance of the two images, foimed by the lespectivo senu-lcnsos. This might have 
hocu etlectcd by a single sciew, Avith a iniciometoi head, moving one of the two seim lenses, 
and leaving the othci sUlionaiy, but lu that case, Avliich would linvc nflbulcd iho simplest coti- 
simeUon, one of the images would have m6vod actoss the field of view of the dynamotcr, while 
the other icmainod fixed j the consequence of winch would have been, tliat one of the two discs 
of au object would have been viewed too obliquely, and one half of the field only would have 
been disposable, in getting the visual angle, which would tlius have been confinocl to a nauow 
limit. It bcoamc UHhsjieiisabletlieiefoic, that both the bemi-lcnses should move in contuuy di- 
loctions, to make the whole held available, and as the sum of tho two motions must be the 
amount of the sepaiation of the centres, it was judged piopcr to make tho coutiaiy motions as 
ncaily alike as mccluuiical moans could efibet, though it is not absoliiloly nccessiuy that they 
should be exactly so. This plan of a dyuametoi has boon executed by a double sciew on the 
same axis m two dilfeicnt ways, which we will now sncccssivoly dcsciibc. 

a. The oiiginal coiisliuclioii of Ramsdeii is icpicscntod in section by figures I't and 
15 of Plato XI., in which the same lei ters indicate the same pai ts, ab is the outer tube containing 
the mechanism of the dynamclei within, and c d is an iniiei tube sliding into the outer one, and 
foiming a ciiculai) Aamc I’oi the inteiioi pails, that aio attached to it, c is tho nulled nut, and/ 
the divided head of the double sciew // 1 , of which the poilion h has the fine, and tho poiUon t 
the coaise tlueads, of one half the numbci pci inch. tho end of tho coaisc sciew 1 1 ests against 
a piece of motal, attached to a half tube, that holds the semi-lens /*, and acts with a tapped nol 
7, atlaclicd to the half tube bcaiing the othei semi lens /, but the finci sciow k acts with a nut 
s fixed to the outci tube a 5, which gives the sciew a slow motion mwaids, when tho motion is 
duccl, but the contiaiy when ictiogiadc, this slow motion pushes the scmi lenses k and /fiom 
the ccntic of the field, in consequence of the half tubes that hold them having a common mo¬ 
tion, like that of a lovci, lound the pivot o, at the lemolc end of the lu^i' dt which caiiica a 
species of gimbal foi this puipose, but at the same tuno tho coaisc sclw h acting with nut r, 
attached to the somi-lens I, diaws this semi-lcns in the opposite dn cctwn by double the quantity 
of motion, and the difference of the two contraiy motions is the gctual quantity, that lemovos 
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it fiotn the centie, in an opposite diiectioii Thus the two semi lenses have each the same 
quantity of contraiy motions, piodncecl by a turn of the milled nut e, and the divided head is 
indicated by a cranlied index g, which is earned by a tubed piece n, attached by a sciew to the 
cock sre, sciewed fast to the siiiioiinding tube a b, and as tins index is adjustable by fiiction, 
its edge shows the division on the inici'omctei’si>head, while at the same time the edge of the 
divided head, oi ring, shows, on the scale of the index, the niimbei of i evolutions at any time 
made by the screw, in either diiection. The zeio of the divisions on the scale of the index g 
IS at the middle, and as the divisions aiejust equal to tlio spaces between the tin cads of the fine 
sciew Ji, eveiy icvoliition makes the heady advance oi lecede a quantity equal to one of those 
divisions, at each i evolution By tins mode ofgiaduation the measuie is obtained at each side 
of zeio, and the sum of the two ineasuics will collect foi the index crioi, if any. In oidci to 
keep the sciew always in close action, a long spiing piesses against the back pait of the semi- 
tube, caiiying the somi-lens /, which will howevei yield to the powei of the sciew, when its 
motion IS diiect, and on the good action of this spimg, in opposition to the sciew, will the 
uniformness of the indication depend, piovided the sciew be pci feet, as to the inclination of its 
thieads, which is an indispensable icqiusite in a miciomctei of this constinotion Tlie second 
lens maybe seen between c and d, at the i emote end of the innei tube, and the common focus 
of this and of the two equal semi-lcnses lies beyond both, wheie a sliding case oi tubulai covei 
/ ti holds a piece of mothei of-peail exactly one tenth of an inch in diamotci, foi showing the 
ajipcaiance of a liimmoiis disc, and also foi pioving that five oi ten i evolutions of the sciew will 
sepal ate the two images of it, m the way exhibited m the field lepiescnted by figiiie 16 and if 
these linages aie seen in exact contact at the whole numbei of ievolutions on each side of vcio, 
the scale is consideiedcoiicct, but not othciwise. The bettei piactice howevei is, to piocuie 
a good ivoiy or glass scale, divided into peifect himdiedths of an inch, and while viewing them, 
as thioiigh a simple micioscope, to measme their spaces, by making the image of the fiist stiolce 
covei the second, thud, &c. in succession at each levoliition, or half of a levolulion, as the 
aciew may lequne In this way not only will the value of the sciew and its goodness bo ascci- 
tained, but fiequently an eiioi in the scale examined will be detected to the jjJjjlh of an inch, 
where the fine sciew has lOO tin cads in tlie inch, and its head is divided into 100 pails, as is 
usually the case with dynamcteis of this constmction, foi though tlio sepaiation pioduced by 
the two coiitiaiy motions is equal to the motion that would be pioduccd by the coaise sciew ol' 
,50 thieads acting alone in one diicchon, and viewed thiough the semi lenses alone, yet when 
the second lens is put on, the magnifying powei is doubled, and the tenth of an inch, instead of 
being measuied by five levolutions, will leqimc ten, as though there had been only the single 
motion pioduced by the fine sciew Tins ciicumstance gives the instiiiraent-makci the ad¬ 
vantage of adjusting the distance between the whole Ions and the two semi-lenses so, that, 
though the scicws may not have the exact nnmbei of thieads pei inch that theoiy leqimcs, ycl 
the final adjustment of then joint power, as an cyc-picce, will compensate the defect, and make 
the numbei of ievolutions commciisuiate with any good scale of equal pails. As the tiuth of 
the dynaraetci’smeasuio is the most impoilant considcialion, we wcie induced to take a dyna- 
raetei to pieces and to examine all its paits, both optical and mechanical, and in doing so wo 
discoveied the extraoulinaiypiopeity, above noticed, of the aiiangement of the lenses, as an ad¬ 
justment fox the otheiwise impeifeet value of the sciew, when lead off as decimal numbeis of 
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an inch, and wo have since learned fiom Mt. Dollond, that his piacUce is, to make the final 
adjustment of the scale in this mannci. 

6 SicoNi) CoNSJ RUCTION—The second constiaction of the dynametei, and that wliicli 
Dollond now adopts, is lepiosontcd by figiucs 17 and 18 of the same Plate, the foimei of 
winch shows tlio external appeaiance of the instuimciit scon edgewise, and the othei exhibits 
tlie intciiial paits, when the covci of tlic small fi.iino is icmovcd, by taking out the lout coinci 
scicws. Wo have pul the same Icttcis to the same pails that were used in dcsciiblng the othci 
consliaction, as fai as they go, bat .is this is by much the inoio simple consliaction, and on 
that account we think piefciablc, wc shall not have occasion to dwell so long on the account 
wo h.ivo to give of it The intcnoi inccliamsin of this dynamctei is contained in tliu oblong 
box a be (I, lioin which tlie hd is icmovcd, e as buloio is the nnlled nut, .ind,/thc divided 
head containing one hundiod divisions, both made last to llic thick scicw fi, which is what is 
called a nght-linndcd scicw, containing about fifty tin ends m the incli, Lius scicw is pcrfoiatcd 
and lapped by <i Ictl-haiulcd scu'w thtough its Inbiilai pail, which the second scicw i enteiS} 
so that hcie tlicie aic two scpiuatc sciows witli ouch its own axis, one light and the olhci left- 
Imnded, but Iniving each the same numboi of tin cads in the inch. The uinci scicw t cnlei's 
the fang of tlic small flat plate m, which bonis the sonu-lons /i j but, lliough it cannot be willi- 
di.iwn fiom its conncMon, it has liboily to liun lound the oxloinal lluoads of Iholiiigei scicw, cut 
witli a female sciew lapped in the fang of the small plate n, which caiiics Ihosomidcns I, these 
plates m and Ji mo of like bicndths, ami luo koplpniallcl to each othci by the bed foimod by 
p.unllel inleiioi sides of the fiamc oi box abed, and the hoTsc-slioo spring o, confined by the 
end and sides of tiic iiamc, piessos those two plates against tbeii icspoctivo sciows, to picvcnt 
sh.iko, 01 loss ol niolioii, when the eluiiigc of its dnccUon takes place. The modus operandi 
iii.iy bo thus oxpliunod ; when the milled miL is luiiiod in a foiwaul diiocLion, the thick scicw 
h, fiom ils exLoaoi connexion with the fang of plate n, diaws the scim-lcns/ towaids it, but by 
Its intcnoi connexion with the IcH-handod scicw /, pushes tins scicw fiom it, and also the plate 
m, which caiiiCB llio scnn-lcns k, the spring o In the moan lime pushing both llic plates against 
then lespcctivo sciows j Ihns the plates move in contuuy diicclions, not, .is in the case of 
sciow i in the foimoi plan, by the difroicnco of two contrniy motions, but by the sum of two 
equal .ibsoliitc motions in contiaiy diicctions. 'flic covci I it, contaiiimg the onc^tenth of an 
inch of moLlici of-pcail, is Iioio seen in its jilaco in the foim of a tube, adjustable foi distance 
foi distinct vision, avbcn the niollici of pcail is turned back fiom covciing the cential hole, and 
when the end ( is applied to the cyc-piccc of a telescope, the adjnslablo tube is found useful 
in keeping the dymunotci to its tiue position foi obtaining measuios, winch aio showm oq the 
*.c.i]o g, earned by the plate n, wheic iv division coiiosponds to a lovoliilion of the scicw. 
When the second lens of this dynamelci was icmovcd, the scmi-lenses measured the tenth of 
the inch, oi disc of poiul, by 2.(16 icvoiutions, but when it w.is rctimicd to da place, the mea- 
suic was exactly five ievolutions, as it ought to be. 

7, Having dcsciibcd the two common constiuctions of the double ironge dynametci, we 
may now piocced to explain the method of using this beautiful little instt’pment foi the pin peso 
of .isceitinning the niagnifying poweis of any telescope. 

The vast advantage attending the use of the dynamctei is, that it does not icq[ui|e any 
knowledge of the thickness and focal lengths of any of the lenses employed iii a telescope, 
voi. n. H 
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nor yet of thou lUimbei oi lelative positions j ncitiici does it make any difRiicnce whelhei llio 
comtiuction be icfiacting oi icflecting, ducct oi inveiting , one opeiation includes the lesiill 
ausing fiom tlie most complicated constiuctiou, and sets tlicoiy at defiance, with inspect to 
calculations that must take into consideiation the pievious detei inination of all the pie- 
ceding lequisites, the obtaining of which is attended with practical difhciilties almost insiu- 
mountablc. 

When a telescope has a paiticulai eye-picce applied to it, foi the puipose of having its 
magnifying powei asceitamed by the dyiiametei, it must fiisthave a cap put ovci its objcct- 
end, with a ciiculai hole of well-known dimensions smallei than the whole apeituie , it miibl 
then be diiected to some heavenly body foi adjustment to the solai focus, paiticuhiily if the 
powei to be detcimmed is to be used in celestial obseivations, and lastly the dynametei musi 
be held m the hand, befoie the eye-piece, at such a distance, and in such a direction in the 
axis of vision, tliat the image of the apeituie facing the sky may be a peifect colouilcss and 
well defined disc, iti which situation the sciew of the dynametei must be turned foiwaids until 
one of the two discs, that ■will soon appeal, just comes in contact with the othei, like two pla¬ 
nets, as seen in fig 16 When this is the case, the numbei of i evolutions, as lead on the divi¬ 
sions of the scale g to the light of zeio, and the hundicdlh pails of a levolution, icad on the 
imciometei head, must be maiked down as the fiist pait of the ineasuic, the same opeiation 
must then be peifouned by caiiyiiig the images fiist into one, and afteiwaids by tlio backwaid 
motion of the scicw into a sunilai contact at the othei side, and tlie divisions of the scale g, 
now lead to the left of /eio, will give entiic icvolutions, and the divisions on the miciomctci 
lead backwaids, oi subti’acted from one himdied, Will give the paits of a levolution to be pii( 
down 'with the icvolutions undei the foimei measuie, when half the sum of the two will give a 
mean, that will include the collection foi any index eiioi that may exist at the time. Foi in¬ 
stance, when an eye-piecc of small powei was scicwed into an achioinatic telescope of aboul 
sixty-tluee inches focal length, and a cap was put on, with an apeituie of just thiec inches, a 
dynametei by Ilainsden, which made ten levolutions in the tenth of aii inch, oi one luindied m 
the inch, was used to get the dimensions of the image of this diminished apeituie at the solai 

„ , .1 - T to the light 6 00 

focus, and the mcasuies weie found , , n 

to the left 0 10 


aveiage =6 05, oi accoiding to the no- 


605 


tation belonging to this dynametei*.0605 when decimally cxpi essed, then——9^ 

10000 .0005 

=49 58 was the power by this expciiment But when the telescope has soveial limitations of 

apeituio, it will contiibute to accuiacy to use moie than one, tlius, with an apeituie of only 

two inches, the measures weie found to the light 4.025, to the left 4.035, giving 4,03 as the 

aveiage, then ^?~=.04«03 was the quotient, and we had 49.63 foi the powei by 


10000 


.0403 


tins expeiimcnt, and as the two poweis thus obtained aie veiy ncailythesamc, the mean 
(49 .6) may be consideicd as the powei lequiied to be found. 

8 Hence, when a dynametei of tins desciiption is used, it will only be necessaiy to put 
down the numbers as they aie lead, without lefeience to the integci, and to prefix a cipher 
with the decimal point bofoie it, in ordei to leduce the icvolutions and paits to the decimal 
denomination of an inch, on a supposition that the inch is divided into 10000 paits, whicli is 
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the producl of one liundiecl levolulions into one hundicil divibions on the divided head) that 
wcie picviously found to mcasuic nii exact inch. 

9. But the dynamclei is ficqucntly consUacted with a scie\v that makes only fifty i evolu¬ 
tions in the inch, oi five levolutions in one tenth, when this is tlic ease, the niunbois icad on 
the scale and iniciometci head jointly, must be doubled, bofoic the ciplici is picfixcd, and then 
the oxpicssion will be the decimal pait of an inch as bcfoio 

10 As a second example, a dynainetci, having only five icvolntions in the tenth of an 
inch, made agiccably to the .second consliaction liy Dollond, was applied to a telescope of 
43 .'3 inches soliu focus, when adjusted foi vision by a planet, the diminished apcituio being 
only an inch and a half, when the avcuigc ol the ineasuros taken to the light and left of /cio 
was found to bo 0 ; then the double of this leading, with a ciphci and decimal point pie- 

fixed, will give the measiuc of the disc OlG.'J as the propec divisoi, and .90 gave 

the magnifying ])owei with a ccitam cyc-pieco that was then m use. Also with n six-fccL New¬ 
tonian telescope the apeitmo was diminished to 4 inches, and the incasuieof itsdisc, taken 


on the aveiage at f2 .3(15, gave the powci 


4 .()'30() 
.0173 


84, when ii WHO imcioinctci foiinod the 


eyo-piecc. In the same mannoi the mngnil^'ing powci of any Grcgoimu oi Cassogiaiman 
telescope may bo taken with both facility and accuiacy, 

11. The dynametci is of the gioatcst utiliiy when a table of poweis is wanted in micro- 
motiical mcasaiemeiits, taken with any telescope by means of an cyc-picco witli variable 
powois, composed of oithoi two oi Join lenses, as being suitable to lie used with the piismatic 
solids of double lefi action at the ociilai end of the tube, foi as the measures depend as much 
on the jiowci ol the telescope as on the lefiacting angle of the piism, it is lequisilc that they 
should both bo accurately known. The scale of the vauablc eye piece, botli of the cclcstml 
and tcricstiial constiuction, is a scale of equal parts, and therefore if the powoi bo known at 
each cxticme limit, the powers at all the intcrincdialo poinl.s may be readily computed, by the 
conslaiii addition or snbliaction of dcloimined diflbrencos. 

12. When a piactical astionomci has diflbicnt telescopes iii his possc.ssion, it will bo de¬ 
sirable, on account boih of convenience and accuiacy, to adapt liis vauablc cyc-pioces to them 
all, and to make a .scale of powcis foi each telescope, for the asccitamed focil length of each 
tolcscopo will operate as a check on the powcis detoinimod solely by the dynamclei, when tlio 
analogy existing between tlio determined poweis anfl the coricsponding focal lengths is ex¬ 
amined; and this mode of lieating the powcis will give to any individual telescope all the 
coricction that aiiscs fi om the analogous examination of the dilFoionl telescopes, 

13. The following opeiations will exomphly this plan of tabulating the auccossivo poweis 

of five tclescopps to which a tciicstrial paiicialic eyepiece (fig. 2, of Plato II.) has been 
adapted. The solar focal distances aic these, vi/. 

Tel, 1 30.50 inches, achiomalic lefiactoi, 

2. 43 .20 ditto. 

3. 07.50 ditto. 

4. 71,75 ditto, Newtonian lefleotor. 

5. 76 .25 ditto, aclnomatic redactor. 


H 2 
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The sliding tube of the eye-piece, that cauies the pan of eye-glasses, will diaw out so fai, <ts 
to admit a scale of six. inches, divacled into sixty equal paits to be maiked on it witli a giavei, 
which divisions aie indicated by the exteuoi end of the ontei tube In the annexed little 
table the numeiatois of the respective fiactions denote the apeitnies used, and the denomina- 
tois show the decimal numbeis derived fioin the dynameter’s screw, in each of the two posi¬ 
tions, at 0 and 60 of the scale, and the mtegeis, oi quotients lesulting fiom the divisions, aic 
the respective magnifying poweis, as determined by a Dollond’s dynametei of fifty tin cads m 
the inch 


Tel. 1 


2 


S 


4. 


5. 


PosnioN 0 

Position 

p 


1.5000 _ QQ 

1.5000 _ 

.0418 

^.0214 

1.5000 _ ^0.85 

1.5000 __ 

.0295 

.0151 

® ‘>?“ = 78.80 

2 0000 _ 

.0254 ' ■ 

.0129 ““ 

4.0200 _ 

--Sir: 4<0 

4.0200 _ 

.0476 

.0244 


3 @400 _ 

0361 ^ , 

01852 ”■ 


70.09 


99 33 


155.03 


164 75 


174 40 




Now as telescope 1 has the largest disc in pi ©portion to the apeituie, we may conclude 
tliat its povl^e^ is obtained with greatei accuiacy than the powers of the othci telescopes, and 
also that all the poweis due to the position 0, aie more coiiect than the poweis obtained at the 
position 60 , for the same reason, we theiefoie make telescope 1 the standaicl of analogical 
compaiison, as m the following Table 


1 

Position 0 

PoSIlION 60 

Foi Telescope 2, 

As SO. S . $5,9 43.2 50. 52 

As SO. 5, 70 . 10 43. 2 ; 99.28 

3 

As 30 .3 : 35,9 67 .5 79 45 

As so. 5 70.10:. 67. 5 155. 14 

4. 

As 30 5 : 85, 9 71.75 84,45 

As SO. 5 70 .10 71 75 164 90 


As 30.5 35 9::70.25 89.73 

As SO, 5. 70 . 10 ' 76 . 25 175 25 


14 . These two'deteiminations by the dynametei, and by analogy, are so neaily tlie same, 
that either of them might be depended upon, as silfficiently exact for the nicest purposes, the 
average of the two will be, 


p p 


for Position 0 —Tel 

1 

.50 .67 .. 

. foi Position 60 . 

•» • ♦ 30. 

for Ditto. 

3.* 1 

70 10 

,,foi Ditto. *. 

155. 08 

for Ditto,....,. 

4 


1 F « w' * A V 1# V T p 1 p f p 

.foi Ditto.. 

..,, 164 . 82 . 

for Ditto. 


. 89 . 74 ,. 

..for Ditto........ 

. 174 , 80. 
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If these avciagcs aie adopted as the best powcis, it will make vciy little diffeience which 
telescope is used m miciomctucal measiuements, whcie the ]Jow is one of the elements foi 
detciffiining them, then icspcctivc values being lational 

15, But 111 constuicting a Table Ihcio is anothei coiisidoiation that must influence tlie 
choice we make of the cxticme powcis, winch is, that then diffeidices must be so taken, that tliojy 
may bo divisible by the iiumbci of divisions on the scale of the niteiioi lube of the cyc-picce, 
which 111 this inslanco is 60, othciwisc llic tabulai quantities will acciiraulale inipiopcily by 
constant addition, and will icquiic pcuodical coaving to bung the concliibion i iglit II ivc take, 
loi the fust telescope, the muubcis doleimiiiod by the dynamclci, we shall luivoyo, 09-35,90 
=! 34.19 foi the whole difrcieiicc, which is not divisible by OO, but if wo subslilulo 70 1 
foi 70 fl9 the difl’dcnce 34 2 is divisible by fiO, and 0.57 ^vill be Ihe tabulai multiple 
01 diffeienco fioin unit to unit, to be applied to 35.9, and to cvciy succeeding iiumbei, 
till at the lowest line of the table (OO), the niunbei 70.1 is the exact coiickidiug luunboi. In 
like mannei, if we lake 50,85 at the position 0, and subsliUitc 99.45 foi 9 (). 3, the avciago 
numbci, wc shall have 99 45 “.50 85=48.0, which luimbci divulcd by fit), will make 0 8 i the 
labulai multiple foi the sceoiul telescope Likewise by Inking 155,00, 1G4.85 j and 174 85, 
instead of the exact miinbcis above detcimincd, fiom winch they didln iinpoicoptibly, foi the 
powcis of the othci tluco tclcscojics at position 60 , and by retaining those detcnninecl by the 
dynamclci at position 0 , the coriliiuial tabulai diflbicnccs will be lospectivoly 1 . 07 > L fl'L 
1 41, with which the subjoined table was completed without a lemaimlor, The utility of tlio 
tabic will icqiuie scaiccly any explanation, foi If the position of the sliding tube, ns indiciited 
by the divisions on the scale insoitcd on its smface, bo made the aigumciU 111 the flisl coliimn, 
the coucspoiuling jiowei of any of the five telescopes will bo seen by inspection, in the same 
horizontal line, undei the propei column. Toi instance, when the lube is diawn out to 40 on 
the scale, the powcis of the five telescopes will be 58, 70 ,83.25,199. GO, 138.05, and 14(i. 15, 
and 111 like maiinci the powcis me given for any otlici iclativo position of Iho louses. The fifth 
leleseopo will have the same powci at the position 39, that the iburth will have at 45, and the 
thud at a little space shoit of 59, when the same cycqiiccc is used with them all in succession, 
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TABLE 


OF THE VARIABLE MAGNITONO BOAVERS OP EIVE TEIRSCOPES 


Scale 1 

1 

Tel 1 

Tel 2 

Tel 1 

Tel 1 

Tel 6 

Scale 

Tol 1 

Tol 2 

Tcl 3 

TlI 4 

1 cl 1 

0 

35 00 

50 86 

78 80 

84 45 

00 76 

30 

63 OO 

76 16 ' 

no 90 

124 G5 

132 06 

1 

3G 47 

51 m 

80 07 

86 70 

91 IG 

31 

63 67 

76 00 

no 17 

126 00 

133 4G 1 


37 01 

62 47 : 

81 34 

R7 13 

92 67 

32 

61 11 

70 77 

119 44 

127 33 

LGl 87 

a 

37 G1 

53 20 

82 61 

00 47 

03 08 

33 

51 71 

77 68 

120 71 

128 67 

1 W 

4 

30.18 

54 00 

83 88 

09 81 

96 30 

34 

65 28 

78 39 

124 08 

180 01 

437 60 

6 ' 

30 75 

64 00 

85 15 

•)! 16 

00 80 

35 ' 

66 85 

70 20 

123 25 

131 35 

139 10 

6 

39 32 

66 71 

80 42 

02 40 

08 21 

30 

5G 42 

80 01 

124 62 

133 69 

140 61 

7 

, 39 89 

66 52 

07 CO 

03 83 

00 G2 

37 

60 00 

80 82 

125 70 

IS'l 03 

144 <12 

a 

40.40 

67 88 

80 00 

96 17 

101 03 

38 

57 56 

81 63 

127 00 

1.15 37 

143 33 

0 

41 03 

68 14 

90 23 

OG 6i 

102 41 

39 

68 13 

82 44 

128 33 

438 71 

114 74 

10 

41 GO 

68 03 

. 

01 60 

07 06 

103 86 

40 

68 70 

83 26 

120 00 

130 06 

no 16 

11 

42 17 

60 70 

02 77, 

m 10 

106 20 

41 

69 27 

84 00 

130 87 ' 

130 30 

447 60 

J2 

42 74 

60 67 

04 04 

iOO 53 

100 67 

42 

50 84 

84 87 

132 14 

140 73 

1)8 07 

13 

43 31 

61 IB 

06 31 

lOi 07 

108 00 

43 

CO 41 

86 08 

483 41 

142 07 

loO 38 

14 

43 88 

02 10 

00 66 

103 21 

109 49 

41 

60 08 

80 40 

134 68 

143 41 

151 79 

16 

44 45 

63 00 

07 05 

10 i 56 

no 00 

46 

01 65 

07 30 

136 95 

144 76 

1 163 20 

10 

46 02 

03 01 

00 12 

106 80 

112 31 

40 

02 12 

08 H 

137 22 

146 00 

164 01 

L7 

45 50 

m 62 

100 39 

107 23 

113 72 

17 

02 69 

08 02 

138 40 

147 43 

16G 02 

10 

40 10 

65 43 

101 60 

100 67 

116 13 

48 

63 20 

89 73 

139 7(> 

148 77 

167 43 1 

w 

40 73 

60 24 

102 93 

109 93 

116 51 

49 

03 (18 

90 51 

141 03 

160 11 

160 84 j 

20 

47 M 

67 05 

101 20 

U1 25 

117 95 

60 

61 40 

91 35 

142 30 

161 45 

160 26 

21 

1 

47 87 

07 00 

105 47 

112 60 

119 30 

61 

64 07 

92 10 

143 57 

182 70 

! 1(11 60 

22 

48 44 

08 07 1 

106 74 

113 03 

120 77 

62 

65 64 

02 97 

144 84 

164 13 

1G3 07 

2B 

1 49 01 

80 48 

i 

, iOO 01 

116.27 

122 18 

63 

68 11 

03 78 

146 11 

166 47 

104 48 

24 

49 58 

70 20 

109 28 

110 01 

123 60 

64 

06 GO 

91 59 

147 38 

160 81 

406 80 

25 

60 16 

71 10 

no 66 

117 96 

126 00 

55 

07 25 

96 40 

148 05 

158 15 

107 30 

2G 

60 72 

71 70 

111 02 

no 29 

120 41 

5(i 

07 82 

90 21 

149 92 

169 49 

408 71 

27 

51 20 

72 72 

113 00 

120 03 

127 82 

67 

08 39 

97 02 

151 19 

100 83 

170 12 

20 

61 06 

73 68 

114 30 

121 07 

120 23 

68 

08 9G 

07 03 

162 10 

102 17 

171 63 

20 

62 43 

74 34 

116 03 

123 31 

130 G4 

69 

69 6S 

08 04 

io8 73 

163 61 

172 01 

30 

63 00 

76 15 

110 90 

124 05 

132 05 

00 

70 10 

99 45 

155 00 

104 85 

i 74 36 




IG. Double VisiON.~When a good dynametei is not at hand, the magnifying powci of a 
telescope may bo asccitained by double, oi what is called jedse mion with consideiable accu- 
lacy, when due caie is talcon in taking the measme, and in leducing the powei thus gnuicd to 
the powoi that belongs to the solai focus. If a slip of wilting papei one inch long, oi a disc ol 
the same matciial of otic inch diamotei, be placed on a black giound at fioin 30 to 50 yauls 
distance flora the object end of the telescope, and a staff painted white, and divided into inches 
and paits by stiong black lines, be placed veitically neai the said papei oi disc, the eye that 
IS diiectccl tiuough the telescope when adjusted foi vision, will see the magnified disc, and the 
othei eye, looking along the outside of the telescope, Avill obscivc the miinbci of inches and 
paits that the disc pi ejected on it will just covci, and as many inches as aie thus coveicd will 
radicate the magnifying powei of the telescope, at the distance foi which it is adjusted to dis¬ 
tinct vision. If we call F the measuio of the solai focal length in inches and paits, and F' the 
leiicstiial focal length, at any given distance, which will always be longei than the solai 
focal lengtli, we shall have the following analogy foi obtaining the solai powci F, fiom tl\o 
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toiiestual 01 measiucd powci P' thus , as P P ' P P. Poi inslaneo a disc of white papci, 
one incli in diamclci, was placed on a black boaid, and suspended on a wall conliguous to a 
leitical black staff, that was giaduatcd into inches bystiong while lines at a distance of 3.'1 
yaids, Q.\ feet, and Avhon the adjustment foi vision was made with a dU-incIi telescope, the le£l 
eye of aiiobseivei viewed the disc piojoclcd on the staff, while tlio uglit eye ohscived that the 
enlaiged image of the disc covcied just 58} inches on the staff, which nuinbci was the ineasuio 
of the magnifying nowei P', at the distance answonng to the focal distance P, winch m this 
lasc exceeded Pby an inch and a half, then, agieeably to the analogy above given, we have, 
as4S.5 42 58.5 50 ,.5 neni ly, hence the magnifying powei due tot ho solai focal length ol 
file telescope in quesUon is 50 5, aiuUhe distance .83 yauls 2} feel, is that winch couesiioiuls to 
an elongation of the solai focal distance of an inch and a half, if wo lompule by the founula 


(given at § IV 22.) 


P /<’ 
P - P 


D 


43 


.5 


42 


..5 


J2J8 inches =: 101 5 feet, oi 33 yauls C.J foot, 


and by a like piocc.ss the magnifying powo) of .uiy othci telestiqic may he taken, and icduced 
to the sol.ii powci. 

J7 In a mannci similai to the inei ediug, the whole field ol view may he piojected on a dis- 
lant wall, and the space thus covoiod by the luminous eiiele may lie consideied us the mthtonse 
of .in .ingle, to ho mcasiiicd by a .sextant oi cii'culai mstuinienl, and when the value of the 
field of view in minutes and seconds is pieviously known, by the jmssage of an oqutitonid stni, 
Ol othciwisc, the huge mcasiued angle divided liicreby, will give the jiowei of magnifying, do- 
ponding on tlic distance of the wall, which may then he ieduced to the soliu powci. When 
the telescope is huge, it will liowcvoi mteicept a huge poition of the piojected linmnous field, 
and icndoi this method diflicult to piiictise, but if the disc pioposed .ibove, bo u'diieed fiom 
an inch in diainctci to one half, oi one cpiailoi when fhe leleaeope is long, the mi'thod of double 
vision may 1)0 .ipplicd with consuleiable ncciimcy, m obtaming even huge powous, when the 
obseivci lias accustomed himself to adjust the pupils ol his eyes to two difl’oioiit distances al 
the same tunc, to enable him to judge eoiieclly of llie mcasuie, lliat tlio piojected image of a 
disc occupies on a giadimlcd .scale, which faeully will bo obtiunod by a little pinctice j and is 
absolutely nccessaiy when the lamp miciometci, oi otiici’ binocular insUuincnt is proposed lo 
be used. Tlio piacUcc of the I’lillcyR is, lo lake the focal distance of a known cye-piece, and 
lo divide the solai focal length of any pioposed object-glass thoieby, lo gam the magnifying 
powci of the telescope used ivith such cyc-picce and object glass. 
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[PUA-II VIJ] 


1. Tni, most expensive lefiacting telescope that evei was coiistiiicted, is that wliicli was made 
by the cclcbialed Fiaunhofoi of Munich, for the obseivatoiy of the Imperial Uiuvcisity at 
Doipat, and leceivcd by Piofcs&or Struve m the year 1825. The apoitmc of this telescope is 
lunc French inches oi about 9 .43 English, and its solai focal length about 14 English leel, the 
mam tube being 13 Fiench feet, exclusively of the small tube that holds the eyc-picces. The 
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smallest oP llie foui magnifying powcisis staled to be I 75 , and tlio laigest 7 OO, which it is said, 
“in favoiiiable w'eathei, picsents the object with the utmost piccision.” Piofessoi Sliiive 
liansmitted a shoit notice of the aiiival and election of tins gigantic instuiment, to the council 
of the Astionomical Society thiough then Piesident, which is published in Pait I of Volume 
II of then Memous, accompanied by a plate giving the peispcctivc view of the telescope, 
mounted on its equatoiial stand, which we have copied m oui Plate VII “ This masteipieco” 
says the indefatigable Piofcssoi, “ was sold to ns by Puvy counselioi Von Ui/ciinfidmi, tlic 
chief of the optical establishment at Munich, foi 10500 floims (about £9S0 stciling), a pnee 
which only coveis the expenses winch the establishment inclined in making it This gc 
neiosity, this sacnficc to science, dcseives eveiy piaise, especially as the Piofessoi and Acade¬ 
mician Chcialiei FnAUNiiorEii has offeicd to cpnhibnte also in tutuie towaids peifccting this 
splendid mastei piece of ait” Accoubng'ly we Ichin, that a peifect miciometiical appaialus 
has been oideied as an appendage, to lendei the instiument seiviceablo foi measuiiiig the 
small angles by which double stais ate sepaiated, and also the angles of position, this appa- 
latus, winch is now piobably completed, will consist of foui annulai miciometers, two of them 
to be double, a lamp ciiculai miciometei with foui eye-pieces, a lepeating lamp net micio- 
metei with position ciiclcs and foui cye-picces, one of the cucles to be giaduatcd on silvci, and 
to lead to minutes by a pan of opposite veinieis 

S The fi.une woik of tins stand is of oak, inlaid with pieces of mahogany m an oinamentid 
mannei, and the tube is of deal, veneeied with mahogany and highly polished The whole 
weight of the telescope, and of its couuteipoises, is suppoited at one point at the common 
centie of giavity of all the pondeious paits , and though these weigh 3000 Russian pounds, of 
winch the fiame-woik constitutes 1000, yet we aie told, that the lemammg ^000 aie balaiu’cd 
in every situation, and that “ tins enoimous telescope may be turned m eveiydiiection towaids 
the heavens with inoie ease and coitainty, than any otlici Intheito in use '” “ It may be tuiiicd” 
continues the Piofessoi, “ in declination with the fmgci, and lonnd the polai axis with stillloss 
foicc, a weight of tliiee pounds being fixed at some distance fiom the eye-end, by which the 
fiiction IS oveicome ” 

8 The basis of the flame is foimed of two cioss beams, each nine feet seven inches long, 
seven inches wide, and seven and a qiiaitei deep, the ends of which aio seen in figuic 1. al 
jl, B, C, and D, these aie biaced by foui smallei bais, foiming a squaic, of which one is scon 
at E, this biaced cioss is fastened down to the flooi by eight stiong sciews, foui noai the 
ontci ends, and foui neai the junction, six of which aie visible m then places, in the ccnlto is 
fiimly' fixed a pei pendiculai post, six feet and one inch high, and seven inches squaic, which is 
plopped at the noith, east, and west sides, by thiee posts of an elliptical foim, denoted by O, 
G', and <3", which aie made fast at then lowei ends to the beams of the cioss, and at then uppci 
ends to the veitical post. An inclined beam H, of the same thickness, icsts on the soiithcin 
end of the inciidianal beam of the cioss, and is attached to the vcitical beam m an angle of in¬ 
clination equal to the altitude of the polai axis, to which theiefoie it lies paiallol, but all the 
jcmaiinng paits not yet desciibed aie metallic 

4i When the object-end of the telescope is elevated to the zenith, it is 16 feet 4 inches, 
Pans ineasuie, above the flooi, and as 13 feet 7 inches of this height belong to the telescope, 
ifli dye end in this position will be 2 feet 9 niches high. The polai axis ol the mstuiracnt de- 
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noted by the IcUci J, is a cylindci of steel, 39 inches long, and piopoxtionably thick; it re¬ 
volves 111 two cyluidiical collais, audits lowei end, being loiinded and highly polished, icsts on 
a steel plate, utlached to the stiong beaiing piece /f, seemed to the inclined beam 77, and has 
thoicfoie vciy little faction, the weight being suppoited by a pan of fiiclion-iolleis, near the 
coininon ccntic ol giavily; and a counteipoisc Ij applied to suppoil the axis in any given po¬ 
sition. To the lowei exticinity of this axis is lixcd a ciiclo of 13 inches dimnclei, which is so 
giadiiatcd as to indicate single minutes of time, a pair of opposite veinicisiead to two seconds, 
and A smallci quantity may be had by estimation*. 

5 The axis of tlic telescope’s motion in altitude, which stands at light angles to the polai 
axis, and is ncaily of the .same dimensions, passes thiough a long biass tube ilf, founiiig a pait 
of the flame, which is setewod to the uppci end of the jiolai axis by twelve stiong sciows, tins 
axis cailies the ciicle of declination, which is 19 inches in diamctci, divided fioiu 10' to 10', 
and has a vcinici loading 10", oi S" by estimation. 'J'ho tube of the telescope being fixed to 
the frame-woik ncaici to the cyc-eiul than the middle, has two counloipoises attached to a pan 
of levels which SCI ve, at the same tunc, to balance the two ends, and to picvcnt the natuial ten¬ 
dency of the longci end to bond, which is cciliunly a vciy ingenious coiitiivance , foi us the 
levels have thou fiilcia at Iho common ccntics of motion and of giavlty, and have each two 
axes in the foim of gimbals, they act on the tube m all diiecliona lliat dilfeicnt positions may 
leqinic, while their icmoto ends ate utserted into holes in Iho stiong ring iV, Unit sutiounds 
the tube, at the pait most liable to bond. The biass fiainc holding the two axes, appeals to be 
clamped to the tube by two othci stiong iings, one at each side of the coiilio of motion. A 
bent level caiiymg the weight 0, has a double iiiig lluit cmbiacos the noai end of the axis of 
the declination ciiclo, and the axis itself is s.ud to cany anothei weight, which two weights lo- 
gothci foiin the counterpoise of this axis, and though it docs not appeal how the comilci poise 
L is attached to Iho poliu axis, it is piobably made with a sunilai iing, to lay hold of the uppei 
end of this axis, so as to bo adjustable. The stow motion in altitude is given to the telescope 
by a Hooke’s joint applied to the scicw of the clamp, which has a spiing uiging it against a 
®8tiong lion bar P, attached to the end of the cylinder d/, thatfoiinsii slop to the circle; and a 
slow cqiiatoiial motion is given by a second Hooke’s joint, taking hold of an endless screw, act¬ 
ing with the 1 acked edge of the houi cii clo j while a spring pi esses it into action unifoi mly, and 
a level is employed to laisc it out of the lack when nccessaiy. The handles taking hold of 
those sciows extend to the loacii of tlic observci, who can thus, we aio assiucd, point his tele¬ 
scope in light ascension and declination witli as much ceitainly as when using the best ino- 
iidian instiumenls. 

G. Anothci pcculiaiity of this cxtuioidiniuy instiuinent is, that clock woik applied to the 
equatoiial axis, gives it a smooth and legulai sidcieal motion, whicli, it is affiimed, keeps a star 
in the exact coutio of the field of view, and pioduces the apiieaiaiicc of a stale of lest in the 
.stairy icgions, which motion can yet be made solai, oi even luinu, by a little change given to 
the place of a pointer, that is placed as an index on the dial plate. A weight placed on a pio- 
jeclmg piece, coming fioin the tangent screw, ovcicomcs all the fiiclion of the machine j and a 
balance, vibiating in circulai aics, regulates the velocity of the motions; which balance must 

* While the Author wns writing this Section^ end had proceeded so far, he rooojvcd informuUou tliftt the large telescope 
of the Astronomical Society had fallen to lus lotj his tender Imving been acceptcdi 
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consequently be adjustable, from its connexion with the afoiesaid pomtei, that occasionally 
changes the late of going of the clock, Anothei use of tins momentaiy legulation is, that 
theieby a stai that is out of the centie of the field, eithei in advance or aireai, can be soon 
biought to its inquired place m the field, and kept there by putting the pointei again to its oii- 
gmal place We do not liowevei find, that theie is any piovision made foi counteiactiug the 
effect of vaiying refraction in the different changes of altitude, wliicli must neccssaiily mterfeic 
with the intended opeiations of the clock, when its motion is continued for scveial minutes on 
the same stai A piovision is made foi keeping the clock in motion during the act of winding 
it up The diffeient weights that are introduced foi the puiposes of oveicoming fiictioii and 
of maintaining the clock’s motion, appeal in their places m the plate Piofcssoi Stiuvc consideis 
the optical poweis of his telescope supeiior to those oi Sclnoeter’s S5feetreflectoi,fioin having 
obseived <r Ononis with fifteen companions, though Schroeter observed only twelve, that he 
could count with ceitamty. Nay, he seems disposed to place it m competition with the late Sir 
William Herschel’s 40 feet leflectoi, but Ins leasons are grounded entiiely on supposition. 

7 By way of piepaiing himself foi the task of le-measuiing the double stais, the piofessor 
took lus net*micioraeter from a five feet lefractor, and adapted it to the large instrument, and 
gave seveial specimens of its powei in raeasuiing small angles, with a magnifying powei 
of 540 His first object was to asceitain the diameter of a spidei’s line, two of winch ncaily 
alike weie placed in the focus of his eye-piece, and he found then diameters to be each 0" ,5, as 
deduced fiom the following measuies, 

vi«. 4 ..,..,.,,,,,.1 .06 These obseivatioiis weie made by reducing the line of light to the 

'9® mtnmtm vmkle, and fiom the twelve measuiements of the double di- 

M ^ 

^ 'q- ameteis it appeals that the piobable eiior on a single measuiemenl is 

only .024 oi one-foitieth of a second, but as the lines of visible light 
between the spiclei’s lines in both positions weie included in the mca- 
suie, the thickness is given too gieat at each lepetition. A black 
boaid with white dots placed at different inteivals, was then elected 
at tlie distance of about 900 toises, and the measuies of the lincH 
joining then centies weie found as follow viz. 


0 99 
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Fiolu these 91 obscivations the authoi deduces the piobable cuor of an individual measure- 
menl, fioin cvciy double obscivation, to be equal to 0".0i55 = when the objects aic per¬ 
fectly quiescent. The neatest dot had a diamctci of 0".8, and the cucumfcicnccs stood at 0".8 
from each othci he icraailcs, howevet, that such an exactness of measuicment will coitainly be 
impossible in the heavens, owing to the ghmmoimg of the stais, and the appaient motion of the 
sphcic. Thclallci difficulty, he fiutlici icmailts, would be insupciablc with the gieatcst mag- 
nifiei, wcic it not foi the clock-woik, which, by tinning the telescope, makes the heavens ap¬ 
peal immoveable. He then gives a list of obscivations made on double slais on Decembci 94 
and 9G, 1824, which we piopose to notice when wo have descubed the dilleient miciomelcis, 
and shown the methods of ap])lying them to the incasuiement of small angles. 

8. Tlicfindci of this telescope has a focal distance of 80 Eionch mchos, and 2.49 apcitinc 

9. The piinciplcs on which wo have boon iiccustoincd to foim oin opinion of the stcadincfes 
m the position ol a long telescope, at the first sight of the plate, induced us to entertain a doubt 
of the good pcifoimancc of an inslrument of such huge diineiisions, when suppoited only at 
the ccntic of motion, but poisons of ciedit, who have witnessed the excellence of the whole 
machine, have conliovcitcd oin judgment by mattci of fact, to winch wo must Ihciefoic yield 
our assent. It is much to bo regicited that the ingenious oonliivoi and malcci of tins giand 
telescope is now no moi c, the continental astronomci s will mourn his loss. 




1 + 




§ XIII ON UEPLECTINO TI-lLESCOPK.S 

1. Tiiouou leflectiiig telescopes have not been made subseivicnt to asliouonucal ob.scivalion8, 
tvheio mensuroments have been used, except in Shell’s cqunloiiul, and in cases where imcio- 
motcis aio applied, yet then great powois have icndcicd them highly useful in viewing and 
cxaraimng the dilfeicnt parts of the heavens for the purpose of making discoveiies. Tlicio has 
been no consuloiablo altciation ni the qualities and propoitions of the metals, pioposed and 
used for specula by Sir Isaac Newton, but the skill and ciuc with winch their curves aie now 
formed, have brought these insliuments into high estimation, and no astronomci, who piiilcs 
Ininbclf on the value of Ins insliuments, will be content to remain without a good leflector. 
Theie aic four varieties of consliucUon, the Newtonian, Cassogiainian, Gregoiian, and Iler- 
schclmn, so called fiom tiicir lespccUvc inventors It will pcihaps be trifling with the leader 
to say, that the largo speculum in all the consti uclions is concave, and that the four vailelies 

depend on the small specula, or on having no small speculum at all. 

9. In the Newtonian tolescopo, winch Is the most convcniont foi oidinaty puiposes, the 
small speculum is quite plane, oi ought to bo so if such desideratum could be completely ef¬ 
fected, in this consti uction the converging rays that have been reflected by the laige specu¬ 
lum, aic intercepted by the small one before they conveige to a focus, but being tinned at 
light angles, thcyfoim an erect image of the object bofoie, oi m the eyepiece, that is insoited 
into the side of the main tube, neat its apeitine. When the focal length of the laige speculum 
is from 0 to 7 fset, and the apcrtuic from to 7 inches, the instrument has sufficient 2 iowcr 

and light for giving an intcicsting vievy of any of the heavenly bodies, and, being used with the 

i9 
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head of the obseiver in an erect position, is peculiaily convenient 5 paiticulaily when ifr is 
mounted on a good stand, ahd has a small paiallel telescope as a findei, to assist the obseiver 
in detecting the object lequued. 

5, The Cassegrainian telescope has a convex face in its small speculum, which letmns the 
converging lays coming fiom the laige speculum, back through a hole made in its ccntic, and 
the image is viewed mveited by the Huygenian eye-piece at the depiessed end of the tube, 
when this is directed to the heavens. 

4'. The GiegOiian, on the contiaiy, has a concave face on the small speculum, which 
makes the leflected lays return aftei they have ciossed one anothei, so as to foun a second 
image m the fiont of it, and the pictuie of tins image is viewed thiough a cential apcituro 
made in the laige speculum in an eiect position, bynneans of an Huygenian eye-piccc, applied 
in the same mannei as in the Cassegiainian telescope. 

3. The Heisehelian telescope is the most simple of any, inasmuch as it has only one spe¬ 
culum, placed a little obliquely, as it legaids the length of the tube, it produces an image at 
one edge of the mouth of the tube, which is viewed theie by the cye-piece, while the back ol 
theobseivei is turned towaids tlie object viewed. The gieat diametei of the speculum of this 
mstiument, togethei with the length of its focus, give it powers that fai exceed those of any 
othei mstiument, but the difficulty and expense attending the casting and polishing of a metal 
foul feet in diametei, and 4<0 feet in focal length, will evei detei an oidinaiy mechanic fiom 
undeitaking the Heiculean laboui of making one of the laigest size. Indeed a telescope of 
01 16 inches 111 diametei, and 20 01 25 feet focal length, lias been found not only moic ma¬ 
nageable, but quite adequate to the impoitant puipose of penetiating into space, and examining 
minute objects, which is the mam puipose of the Heisehelian mstiument 

6 . The obseivations which we have to offei to the piactical astionomei, byway of guide, 
m his choice of a Cassegiainian 01 Gicgoiian insti lunent, will apply with equal piopiioty to them 
both. All inspection of the leflecting siufaces of (he metals, will show then coloui and fineness of 
polish, but will not afford any cuteiion of the Jigute, on which then piincipal excellence de¬ 
pends to judge of this lequiies a pievious adjustment of all the paits that constitute the in- 
sti ament. In most of these reflecting telescopes theie aie sciewsof adjustment at the hacksui- 
face of the specula, by means of which the leflected lajs, coming fiom the laige one, aie made 
to fall concentiically on the small one befoio the second leflection, and again to come lowaids 
the eye in the diiection of the line of vision, aftei the second leflection This adjustment is 
not easily effected even by the inakei, and is vciy lioublesome to an amatem astionomei, who 
has not been pieviously instiucted howto pioceed The usual method of placing the two 
metals in then piopei positions is, by sciewing the eyc-piece into its place without its lenses, 
and by looking lepeatedly through the diminished apeituie at the eye-end, as often as any 
scicw is alteied of cithei of the metals, until, aftci many slight alteiations of position, the 
images of the two specula aie seen thiough the eye-hole exactly coiicentiic, but when iheic is 
any parallax aiising fiom the size of the eye-hole, some unceitainty will lemam as to the final 
accuiacy of this adjustment. "We have accidentally chscoveied a method that leraoves this 
doubt, by which the accuiacy of the adjustment may be instantaneously discoveiod, and by 
means of which tlie relative positions of the two specula maybe easily ascei tamed and seemed 
let the two lenses of the eye-piece be restored to their place, and procui e a Ramsden’s eye- 
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piece fiom some tiansit instiumonl, oi spidci’a line micioractei, that will icndci an object visi¬ 
ble in the compound focus of the two lenses, of which it is composed, then hold tins second 
eyc-piece in fioiit of the one already in use, and, by vaiying the distance a little, find the posi¬ 
tion in which the image of the huge speculum is soon, well defined tlnough liotli eyc-pieccs, as 
when a dynamclci is used, and if the imago of the small speculum is seen picciscly on the centre 
of the laigc one, now that theie is no paiallax, the metals may bo considoiod as lightly placed; 
but if not, the piopci sciews must bo used in succession, till the leqinied position is dctcimined, 
when the face of the huge metal stands at light angles to the Icngtli of the tube, the adjustment 
may gencially bo finished without distiulnng it 5 and when the bod that receives it has once 
been piopcily finished, it will be advisable not to altoi it, unless some accident should rcndei 
such alteiation indispensable. 

7. When the incUils have their paiallehsm and ooncenlucity insuicd, the inslnunenl may 
bo diiocled to some distant luminous point, as 11 while disc on a black gioimdj 01 a star will do 
still bottoi for tins pin pose, then in adjusting foi distinct vision, obsoivc d the figuics of the 
metals are well adapted to each otbci. this may be done p.ully by iioUcing if the disc, 01 slai, 
13 well defined, and fice fiom inadiations; and paitly by cauymg the small spoculum a short 
distance beyond and shoil of distinct vision, by the pioiiot scicw, and by examining if the 
disc 01 star enlarges alike in sunilai changes of position, if the icsult be aatiafacloiy, the 
metals may be considoiod as well placed, and as well adapted to each olhci. 

8 . To tiy whcthoi the laige speculum is formed to a ciuvc that paitalcos of the parabolic 
qualUy, its apcituic must be pailiivlly covered, fiist at the ccnlial pnit, and tbcii round the cir- 
cumfeicnco, by tin, pasloboaul, 01 stilF papci, and if, on tiial, the saino adjustment foi distinct 
Vision of a distant object is good m both these cases, and also when the speculum is all ex¬ 
posed, \\\vtfigi(re may bo consideied good, and m tins case the least nlteialion, in the adjust¬ 
ment foi good vision, will pioduce a confusion of iinagos, and piovo that the large speculum 
has a good figuioj but if these olleots arc not pioduccd, which it is the makei’s business to 
insiuc, Iho iiistiiuncnt will be incompetcul to poifoim scvcinl of the nicer obseivntions in as- 
tionomy, though it may give a satislactoiy view of the suiioiuuhng coimtiy, 01 even of the 
sun and moon. When a mistiness ajipcais in the field, it is a pioof that the abciiations aic not 
collected, and that the fignic of at least one of the specula is not pciibct. Wo have loaincd 
fiom an astionoinical fiiond, mlimalcly acquainted with lofiocting telescopes, that if a covei 
be put on the mouth of a huge icfiocting telescope, with a ciiculai apciUuc, of about one-half 
the diameter that the tube has, in sucli way that the diminished ajimluic may fall entuely at one 
side of the opening of the tube, the circct thus pioduccd on the telescopic appcaiaiicc of a star 
is wonderful, a slai of the fiist magmtudo will fiequently, by tins contuvance, be seen quite free 
fiom inadiations, and will have its cucumfeicncc clcaily dehnoalod; though the same effect 
will not be pioduccd by a siimlai diminution of apcituie, made conccntiic with tlio apeiturc of 
the tube. This manoouvio in the management of a leflcQtmg telescope is founded on a suppo¬ 
sition that in most laigc metals, if not in all, one side of the suiface, used by itself, will give a 
more distinct image, than will bo produced by lays coming fiom both sules, and mixing toge- 
Ihci, want of homogeneity, or want of inufonn tompeiatiuo m both sides of the laigc spocu¬ 
lum, may occasion the phenomenon m question 5 and this is rondeicd probable by the ciicum- 
Stance, that, on tuining round the oxcentiic cover, there will be foutid some positions that give 
bcttei images than othcis. The seciet, howevei, is woith knowing, paiLiculnily if the telescope 
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is not good with its full apevtuie; and in all measiucments of diameteis of the planets, and of 
distances between double atais, wc have known the expedient tued with diffcient telescopes, 
and aie quite satisfied with the lesult, 

9. It has been affiimed. by a gentleman eminent in the piacUcal depaitincnts of science, 
that much light is lost, oi absoibed, in the aossnig of die lays m a Giegoiian telescope, which 
13 not the case m the Cassegiainian constiuction, but we do not find that this asseition has been 
confirmed by the expeiunents that have been subsequently made, on the coinpaiative appeal- 
auces of the same object by twilight, when instuiments of the two diffeient consliuctions, but 
with precisely the same magnifying poweis and apeitnies, as well as the same composition of the 
metals, have been tried against each othei. In an expenmentof this kind, which we witnessed, 
the punt on a caid became illegible aftoi sunset by both telescopes at the same tune, as neatly as 
could be ascei tamed When a Giegoiian telescope has a latge apeitme in piopoition toils 
focal length, it has obtained the appellation of dumpy, we have befoie us one of this desciip- 
tion by Watson, who was an eminent maker, winch has an apeituie of foiii inches, with a local 
length of only fointeen, which defines a planet beautifully, and shows the companion of Polaus. 
It will beat a power of neaily ^00, and is packed m a box with a tiipod that lendeis it an 
useful tiavelling instiument for obseiviiig occultations 

10. The magnifying powei (P) of tlie Newtonian and Heischelian telescopes, like the 
achromatic lefiactoi with a celestial eye-piece, is known by compaiing the distance of tho 
image of any lemote object fioni the laige speculum with the focal length of the lens oi eye¬ 
piece used , foi as often as the lattei is contained m the foiinei, so often is the telescope said 
to magnify, oi augment the linear dimensions , but the Giegoiian telescope has its powet as¬ 
cei tamed by the same method as the lefiacting telescope with a teiiestnal oi foiu-glassed eicct 
eye-piece, on account of its lepeating the image m an enlaiged slate, but m a contiaiy posi¬ 
tion vir.), if we call the solai focal distance of the laigc speculum F, and the distance of 
its focus, or of the place of the fiist image, fiom the small speculum the distance of tho 
conjugate focus, oi of the second image, fioin the small speculum D, and the focal distance of 
the eye-picce, oi of its equivalent lens df then the magnifying powei will be obtained fioiu 
the following foimula, 



11. The magnifying powei of the Cassegiainian telescope is obtained in neaily the same 
way, but as the fiist image, which would be foimed at the mtual focus, behind the small spe¬ 
culum, if this speculum did not iiiteivene, is pievented by its mteiposition, the image that is 
formed at the conjugate focus, bcfoie the eyepiece, must be considcied as tho second image , 
if, then, we call tho focal distance of the latge speculum, winch must be considcicd as extend¬ 
ing beyond the small speculum, P, the distance fiom the small speculum, wheic the fiist image 
would be foimed, if the rays weie noj: mteiccpted,/’, the distance flora the small speculum to 
the second or actual image, Z) ] and the focal distance of the eye-piece, oi equivalent lens, d j 
the magnifying powei of this telescope will bo had also by the same foimula, 

FD 


fd 


= P. 


IS. But as the dynametei will give the magnifying poweis of all the foiu constiuctions, 
when the limits of their effective apertuies aie known, in the same mannei that it gives the 
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powei of a icfii acting telescope, it will always be both the easiest and most coirect opeiation to 
apply this elegant little insliumciit in the way that has been dcsciibcd in oiu eleventh section. 

13. The Newtonian and Ilciacheliaii telescopes may have any of the difFeient cyo^pioces 
01 micioinctcis applied to them, since they foim but one imago of the object viewed, which is 
an advantage they possess ovei the othoi two consti actions j but the Casscgiannan and Gie- 
goiian instillments icquiic oyc-picccs of a dcsciiplioii that have dinphingmb placed whcic the 
image is foimed, as well as dimmishcd eye-holes, just huge enough to admit the piincipal 
pencil of lays, that cmoigo fiom the eyc-Icns, to entei the pupil, witliout admitting any of the 
extiancous light of the sky, which would icndci the image invisible. The ciiculai hole in the 
contial paitof the huge speculum, in these two constructions, must be equal to the dimensions 
of the small speculum, lest any lalsc light should be admitted, oi any icflectcd inys lost. 

14 The diamctci of the huge speculum must bear the same piopoilion to the diameter 
of the sihall one, that Uic local dustaucc of the foimoi docs lo the disUnce of the fiisl image 
fiom the lattci, winch imago Is not situated exactly in its focus, but is made the ladiant for 
the foimatiou of (ho second imago, and is theiefoie a little out of (he focal place. 

b'oi instance, if the solai focal distance of a huge speculum bo tahon .it 2fi inches, and its 
apoituio at 4.5 j thou, if wo assume the distance of the image, foimcd at the focus, to bo 2 ,.'5 
inches bofoio tho concave sm.ill speculum of a Gregorian telescope, wo shall have the piopoi- 
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<jpcciiliim , but if wo suppose the clistaucc of tho image 8*5, then the,diameter will be ro- 
quiiod lo be upwuuls ol 0 .0 of an inch* 
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[Pj,ati VI 3 


1. TuijJjY^s Stand i*'oa a Casslouainian oii (xiuiooiiiAN TibLUSCOi*!*.—Iho best stand that 
has yet boon contuved foi a telescope of Cassograin*s oi Giegoiy^s consliucUon, as it icgards 
both steadnicss and lacifily in tho management of the motions, is that which is icprescntcd in 
perspective xn %♦ 2* of Plate VI* which stand was the lavcntion of the senioi luileyi on 
which ho mounted a Giegorian of Ion foot focal length, and nine inches apcitiuc, that coulcl 
be managed with as much case as any instrument of oidinaiy dimensions. Tho poculiaiity of 
tins constiuction consists in the methods by which quick and slow motions may be given, botli 
m altitude and azimuth, while the lube has two places of support, that inaiire its firmness in 
any altitude between the hoiizonlal and zemth positions. The body of the fiamc is composed 
of foul logs, with as many crossed biaccs of cast iron, stietching outwaids as they descend, 
for the sake of obtaining an enlarged base m all azimuthal ducctions, which is requisite for 
the due support of a heavy metal resting on the lower end of the tube; which metal would 
oveitmn a tiipocl of ordinaiy dimensions, by extending beyond its side* when tinned round 
into any of tho three situations. The upper end of the frame is contracted, so as lo be 
coveicd by an non cuculai plate, a, which is screwed fast to Itj and those together foim a 
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metallic table, foi beaung the supeiincumbent weight of the moving paits of the instuimcnl. 
Figuics S, 4, and 5 aie detached paits of the instalment, beaung the same letteis of icfeicnce 
that aie applied to the couesponding paits of the diawing in fig. 2, and weie deemed neces« 
smy to leudei the explanation of the two motions sufficiently intelligible. In figuic S, the 
pait a IS a section of the cncnlai head of the above-mentioned table, & is a section of a sliong 
brass iing, foimcd of two edge bais, one seen with its lacked teeth in fiont, lying between tho 
circulai plate a and a similai ciicular non plate c, and the othei concealed between the said 
plates, winch it sepaiatcs, by being inteiposed without any fastening The second lound pl.ite 
c carries the metallic fiaino that holds the tube of the telescope, and is theicfoie piesscd by 
the weight of the speculum metal and othei heavy paits of the instiument, winch picssuio 
also applies to the inteiposed hoiizontal edge bai of the biass iing l>, while an endless scicw, 
cut on the axis of the handle d, takes hold of the lacked veitical odge-bai of the same iing, 
when, theicfoie, the hand pushes the plate c, and the parts lesting on it, lound m azimuth 
by a quick motion, the inteiposed biass iing, being connected with it by the ciankcd piece 
that piesses the scicw into action neai a, has also a quick motion in azimuth, togotbci with 
the handle d and its Hooke's joint, but when the hand ceases to push m giving the quick 
motion, this handle, being tinned, will move the lacked iing c by a slow motion, and with it 
all the supeiioi paits of the instiument, including the telescope, which is uppeunost, foi when 
the quick motion has ceased, the weight piessing on the img l> keeps it quiescent, while llie 
handle tiavels lound its lacked edge, on being turned, and caiiies with it the plate c by a slow 
motion. Thus the telescope may have eithei a quick oi a slow motion in azimuth comrannu 
cated to it, without detaching the sciew of the handle fiom the lack of the biass iing, which 
will cither move round, oi icmain fixed, accoidingly as the motion is lequiied to be quick oi 
slow, that IS, pioduced by a push, oi by the levoliition of the handle The effect of tins con¬ 
trivance is equally suipnsing and convenient. The centre of these motions is a cyhndci of' 
steel, made fast to the cential pait of the plate c, and descending thiough tho middle of plate 
a, under which a tapped nut keeps it down to its place. The quick and slow motions in alti¬ 
tude aie pioduced by a diffeient but equally beautiful contiivaiicc 

2. The telescope 18 mounted on tlie biass-woik, earned by theiion ciiciilai plate c, by means 
of the double levei e, in the way already desciibed (§ IX 2.), and has the usual eyc-pieces of 
the Huygeiiian constiuction, as well as a nndei attached to the mam tube, as icpicsented in 
the pimcipal figuio. Two sqiuied biass iods,/andj^ aie jointed at then lower exticimties to 
the bottoms of the veitical poitions of the small beaung fiame, near the face of the plate c, 
and will move into any angulai position between the houzontal and veitical lines, the uppci 
ends of these locls are connected with the remote end of a metallic sliding-piecc, g /i, by a 
thick pm or bolt, which passes thiough all the paits, and foims a hinge the piece g h is seen 
enlarged in figures 4> and 5, the founei of which shews the appeaiance to an eye placed undei 
the telescope and looking upwards, and the lattfii exhibits a lateial view, it has a dovetail on 
the Concealed face, acting with a gioovcd bai, I /, made fast to the lowei part of the mam 
tube, seen m fig, 5 , and two thumb-sciews at g and h fix it occasionally to a long lound lod, 
m n, that lies pai'allel to the tube neaily its whole length, and passes thiough the two ends of 
the sliding piece g/i. The lelative positions of this long louiid rod, m n, and of the sliding- 
piece g h, deteiminc the angle of inclination that the square \od&ff shall assume, and these 
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rods give the angle of altitude at which the tube of the telescope la obliged to stand. To 
effect these puiposcs, the eye-end of the long lound lod has an oblong sliding fiamc of biass, 
op, attached to it, which maybe moved foi wauls oi b.iclcw.uds by a long screw, q, within 
teach of the hand, ncai tlie eye-piecc, and when this biass flame is moved the tod moves with 
it, and being clamped by the two thiimb-sci ews to the frame g h, this fiamo also moves in its 
concealed gioovo, and laiscs oi depiesscs the suppoiUng squatc lcvois./y^ tlieioby alLoung the 
elevation of the telescope. When the sliding piece g h is not clamped to the long i od w n, 
the telescope tn.iy be elevated by a quick motion, occasioned by a push of the hand, while the 
said bluluig piece appioachcs the eye-end of tlic telescope, and laises the ieveis yy lowauls a 
voitical position , and, on the contiaiy, a depiossion of the telescope pi ocUiccs a coiicapondiiig 
dcpicssion of the siippoiUng lovcis, and a back waul motion in tho shding-piecc It, which may¬ 
be clamped by tbe lluimb-scicws at any given sitnalion. 

3. The method of pioducmg the slow motion in altiUulo may be thus explained at tho end 
JO of the oblong biass finine oj), is a joint made by a thick but shoit cylinder of buvss, liirmug on 
its pivots to accommodate itself lo the sciow q, which it is lapped to ipccivc; the piece / , winch 
limits the imici end of the .sciew, is made fast lo the mam tube of the telescope, as is also the 
piece s which limits its outci end, by a shoiiidur on its iixisj hence, when the setevv is Lmncd 
by tho bolding piece at q, il is pievontod cillior advancing or recoding by tho fixed and luniling 
pieces r and i; but as the long side bats of ilio frainc op pass thiough square beds made m 
the fixed piece r, and luc kept in those beds by a thin plate pa.s 3 iiig across, fi'Otrt o lo r, on tho 
under face, and scicwcd fust lo tho piece the tapped joint piece p is obHgecI lo move, by the 
turning of the sciow q, and witli il the oblong flame, and aflhed long lod m n 5 and as this 
lod 13 occ.isioiially clamped lo tlic sliding piece g It, to which the upper ends of the levcisyy 
aio attached by a joint, the whole a])paiiUns will move logelhci, wilh such easy motion as is 
given by ttnning the scicw, whoiicvci the lod in n is damped to the piece g A j and as the 
telescope IS connected with tho squaie Icvcrsy/, by the nilciveiilion of the sluling-piccc g It, it 
will also jiaitakc of tho motion thus impaiLcd by the sciow q, winch motion will bo in oJovatiou 
or dcpicssion, accoiiluig lo (bo diiection m which tho sciew is tinned, and will be moio 01 loss 
slow, accouliug to the velocity with winch it is moved. 

4<. The apoitiiio of tlic mam tube is at the 1 emote end, and the largo speculum, pcifoiatod 
at the ccntic, lests at the eye-end on slondci spiings, thal keep it to its bed wUlioul shake, and 
flee fiom such piessuio as might altci tho figure of its curve. The niiygeinaii eye piece is 
at the Olid of the small tube, and is luljiistcd foi distinct vision by rack woik that is not scon. 
The fiiulei, fixed paiallello the mam tube, is a small acluomatic icfiaclmg telescope, with 
OIOSS wiies in Us common focus, by means of which the object is loadily found} and a long 
lod passing wiibin and paiallcl to the concealed side of the mam tube, not visible in the flgino, 
icgnlatos the plate of tho small spcciiliim with icspoct lo Us distance ftom the laigc one, by 
making itappioaoJi to or iccodo fiom the 1 emote end of the mom tube, accoidingly as tho 
distance of tho object viewed demands, foi getting distinct vision, 

5 . The telescope thus mounted is fiisl diicctcd towiuds the celestial object to be viewed, 
paitly by a push given lo its eye-end in the ducction of the icqmiod azimuth, and jiailly by 
the quick motion in altitude, while tho long lound lod m n is nnclamped, and then the flndoi 
will point out the exact place wanted, when tho two sciews of the handles produce the slow 
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compound motion, that is i eqluied foi getting the object into the field of view 5 after which 
the final adjustment of the vision must be obtained by the piopei sciew A leflecting tele* 
scope of either of the constructions foi which tins stand is adapted, is seldom supplied with a 
miciometei, except sometimes with a divided slip of mother-of-peail, on account of the eye¬ 
piece not only being of the negative kind, hut having a very small eye-holc to exclude the sii- 
peifluous light that would spoil the vision, which is not the case with the other consliuctions. 

6 . Sia W. Heuscueu’s Stand for a Newtonian Telescope, —The stand icpiescnted 
by Fig, 6 was contuved by Sii 'William Ilciscliel so long ago as the year I 778 , before ho had 
conceived the gland scheme of constructing the gigantic instiuments, that after wauls piovcd 
what effects may be pioduced in science by an union of ingenuity and peiseveiance. In the 
eaily pait of his catoptiic labouis Heischel bad noticed the bad effects of tiemois pioduccd by 
imperfect stands, and employed Ins mind in contiiving methods of obviating such effects, by 
suppoiting the tube, that holds the metals, at two distant points, and by suspending the end 
that contains the large speculum by a coid and system of pulleys, that might also be subseivicnt 
to the elevation of the object-end, 01 , which is the same thing in effect, the depression of the 
laige speculum. The stand now undei oui notice was the result of such contrivance, and is 
lepiesented as holding a seven-feet Newtoinan telescope in a state of elevation, such as is pro¬ 
pel for enabling an obsei vei to examine a heavenly body, 

7* All the essential paits of tins mstiument aie so cleaily exhibited in the perspective diaw- 
iiig, that a shoit desciiption will suffice to icndei them intelligible. The principal fiame is 
foimed m the sha^C of a laige chan, of stiong but light bais of mahogany, which need no 
other desciiption than a reference to the engiaved figure, wheie the four legs aie seen toiini- 
nated by as many castors, the shorter two of which legs constitute the front poition, and tho 
longer two the back part of the stand, while the sides aie biaced by each an inclined bai, 
made fast to the veitical bais, that constitute the back and the two longei legs. Ihese four 
vertical and inclined bais have each agioovemade longitudinally on then inteiioi faces, two of 
which aie visible m the figiue, and a second smaller fiame of an oblong shape, denoted by the* 
letters abed, has foui pins of metal inseited at the foiu coincis, neai the said letteis icspcc- 
tively, which pins me just laige enough to enter the giooves, and to slide without fiicUoii 
when a motion is given to the small fiame. The mahogany tube of the telescope lests, at some 
distance fiom the lowei end that contains the laige speculum, on the lowei cioss-bav c d of the 
small fiame, and a system of pulleys, made fast to the uppci bai of the said small fiame, lias a 
cold that suppoits the weight of the fiame and a poition of the telescope , this coid being 
made fast to the uppei end a & of the sniall fiame, embiaces the pulleys, and then passes ovci 
the fixed lolleis at g and/, which change the ducction of motion, and is finally attached to a 
cyjmdei, caiiying the handle e, lound winch it is coiled m diawing up the small frame. 
When the lowei pair of pins, iieai c and / have descended down the giooves m the long vci- 
tical bars of the back, they meet with the ends of the giooves made in the inclined bais, and 
continue to descend down them till the second pan of pins at a and h are m the same situation, 
when all the four begin to slide in the giooves formed in the inclined bais, as fai as the tin ns 
given to the handle e will peimit. A latchet wheel on the axis of this handle, holds the small 
frame and telescope lestmg on it at any given position. Along squaie tube of maliogany, 
h h 18 fixed at the middle of the fiont pait of the main fiame, which contains the squaic K 
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that may be raised, either by a coid wound lound the axis of the handle having a latchet 
wheel /, 01 by hand 5 in the lattei case a stiaiglit laclc, acting with a spinig-piece, detached by 
piessuic on the button at the uppei /r, will dcUiin it 111 a given position. This bai li is simply 
foi giving quick motion in elevating the uppei end of the tube, and when it has biought the 
telescope ncaily to the elevation icquiied, the handle «?, made fast lo its siipeuoi end, cauics 
a pinion tiiat acts with a wheel, having a second pinion, that lifts the vertical lack of a bai of 
buiss, /, which descends down the wooden btu /i, and at its upper end suppoits asinallhoiizon- 
lal metallic fiame n, on a joint of winch the luaiii tube is made fast at 0. The slow motion m 
altitude is pioduccd by tins thud handle ?«, which, by means of the wlicchwoik seen detached, 
giadually elevates the lacked biu /, and fiaino «, togothci with the uppei end of the telescope, 
and keeps its situation without a clamp. By tlicso means the tube of the telescope may be 
earned into a situation ncaily vcitical. The lowei end of iho lube iiicicly lests on the cioss- 
biU c d of Iho small fiaino, and thciofoic is at libcity to nscoiid 01 descend with the bais h and 
/when they aic elevated 01 dcpicssed} niul as the whole stand is light, and moves on castois, 
the quick motion m azimuth is given by tuiiimg it lound on its feet, till the heavenly body is 
Witiiin the adjustment of the hoiizontal sciew p, which gives the slow motion m a/unuth. The 
small plane spooulum is fitted into the coiitial pait of the tube at a shoit distance fiom the 
apcUiiio q y ns the flndci consliuctccl in the usual way, and s the eye piece screwing into the 
biass bin, that slides between two dovc-tnilcd checks, fixed on one of the octagonal faces of the 
wooden lube, and as the lube has an oblong perforation under this brass bai, the small specu¬ 
lum 13 earned by it, and is thcicfoio adjustable for clistanco fiom the piincipal concave specu¬ 
lum, which faces it nt (ho opposite end of the tube, by moans of a pinion and lacked hai of 
biass. Tioni this dcsciiptioii oui icadois will pciccivc that the obscivci, who uses this insliu- 
mciit, may stand in an eiectposition wifli Ins eye at a, while he makes hisobseivalious, his light 
hand being ciuployod at one ol the handles, while Ins left may bo used as occasion shall le- 
qiuio. The stand is ca^ly moved abouf on a level floor, and is quite manageable without an 
assistant, but is not calculated to icUun a inoudifui 01 any otiici stationaiy position. 

8. VAimny’f, Si’and i ou a Nijwtonian Tullscom.— The ingenious mccliamc employed 


by the late Loid Stanhope, made such an alteration in the constiuclion of the stand foi a New¬ 
tonian toloscopo, as may bo consicleicd an oiiginal coiitiivance, he left out the coid and pul¬ 
leys, made flic puncipal fiatnc to stand on tiueo logs only, and wlulo he icltiinod the piopcity 
ol’suppoituig the telescope at two distant points, gave to one of those points an axis of motion, 


which gives tlic advaiUago of an elevation m a tiue vcitical ciiclc, as well as the capability of 
being hxed peimauoiitly in the meridian, 01 m any given nzimuih, and yet it icLuiis all the ic- 
quiiccl both quick and slow motions. By an additional impiovcincnt that has lately been made 
in the consliucUon by Tulloy, the telescope will also admit of being poised in any situation, 
even in its zenith position, into which it is capable of being placed with as much ease as ui 
any dcgicc of ouhnaiy elevation. This constiuctioii is exhibited in peispcctive by Fig 7 ., 
wheic the telescope is placed 111 the same position nearly as its piodeccssoi, and the stand may 
be thus dcscidied. The base « i c is a foui-sidcd hoii/oiital frame of wood, suppoited by 
tiuoc lollcis fixed fast lo the lower side, one at the middle of the naiiow end a h, and the two 
olhcis at the coineis c and d, so as to form the angulai points of a tiiangle, this fiame is a 
detached platform to place the stand upon, when it icquues to be moved about 111 any direction j 
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but when the stand is required to be made permanently stationary, it may be put aside, as not 
foi'ining a leqiusite pait of the telescope's support, At the points ah c and d, the foui feet of 
the piincipal fiame ascend m directions inclining towaids one anothei, the feet at a and b be¬ 
ing so near together, that they may be considered as one, and on this account we shall deno¬ 
minate the frame tiiangulai, with lespect to the hoiizontal plane tcmiinating its supeiioi pot- 
tion. The leg e, the stiong edge-baryj and the leg g, all of mahogany, constitute one side of 
the mam flame, which is biaced by the two bais h K , at the opposite side, ovei the bai a d oi 
the platform, is a similar side of the mam fiame, the legs over c and d aie tied togethei by 
the cioss hoiizontal wooden bar i, which is all that the lemote end of the frame, which appeals 
foieshoitened in the drawing, lequires, the uppei pait being left open to admit the lowci end 
of the tube between those legs, when the object end is elevated. A pan of biacing bais, simi- 
lai to h //, of which a part of one is seen joined to the leg above d, aie applied also to the con¬ 
cealed side of the frame j and a pan of shoit edge-bais connect the legs over a and b into one, 
in the foim of a nanow parallelogiam. The two black maiks on the stiong eclgc-bar^ to the 
right of this letter, show the end of a stiong cross bai, that unites the two piincipal sides of 
the fiame a little beyond the middle, and the two similai black maiks, to the left of the letter 
maik the end of a shoit edge bar, that fixes the said two sides togethei, ncai the tops of tlie 
two contiguous legs, winch we have consideied as one, these two cioss edge-bars foim, with the 
bai f, and its opposite coiiesponding one out of sight, a foui-sided figuie, which holds aboaid 
of mahogany, that foims a table of the sliape of a tiapezium, which is useful for containing the 
eye pieces and othei appendages, that aie not m use at any lime, while the largest cioss-bai 
selves as a slop for the tube, when erected into the veitical position. To the edge bai/of the 
piincipal frame above desciibed, a stiong uptight beanng-piece k is fiimly attached by a dove¬ 
tail, and also a similai one k to the opposite bar, which is concealed m the figuio by the tube 
of the telescope , to the uppei ends of these pieces beds of biass aie attached, whicli leccivo 
the horizontal pivots of a second fiame, the uppei end of which fiame is seen at / and w, 
wheie a lacked edge-bar is made fast, of which the use will be explained piescntly This se¬ 
cond fiame is of an oblong figuie, biaced by cioss-bais, and made as light as the lequiicd 
stiength will admit, and a stiong piece of mahogany n, similai to k, made fa's! by a dovetail to 
the edge m n, beats a stiong metallic pivot, and a similai piece n', beaiing a coiiesponding 
pivot at tho opposite side of this second fiame is hid fiom the siglit, these two pivots icmovcd 
fiom each othei by the whole bieadth of the fiamc, winch is about eighteen inches, and losting 
on the biass beds, attached to the uppei ends of the beaung-pieces K and K\ suppoit the 
whole supenncumbent weight of the telescope and of the appendages, neaily at its centic of 
gravity, when the laige .speculum is in the tube, and affoul a good hoiizontal axis of mo¬ 
tion in altitude. Between I and m, under the elevated end of the second fiamc, a plate of 
bfass IS sciewcd fast, which is connected by a hinge to the top of a fine lack, consisting of a 
racked odge-bai pinned to a sliding biass tube, which descends into the ccntial pait of the 
coarse rack, beaiing the handle o and its concoalod wheclwoik that actuate this fine lack, tlie 
second handle p, which has a stiong pinion on its axis impelling the coaise-iack, is attached to 
the hollow mahogany bai q, which allows the coaise lack to pass thiough it, and may be 
clamped in any position j the suirounding piece of squaied brass on which the lettei ; is 
placed, turns on sti'ong pivots m two brass cocks s s', attached to the legs over a and 5, and 
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sldapls itself to the position of the wooden bai y, as it depails fiom a tuic vciticnl position, in 
its ascent oi descent, the stiong sciew on the intoiioi end of Iho milled head t, passes thiongh 
one of the pivots of the clamping-picco ?, and fi\es the bar q to it lu any given elevation. The 
quick motion in altitude is given by the sliding of this biu’ q up oi down, when the fixing 
sciew i IS lolcased; but when it is made fast, either a vciy slow motion may bo given by the 
uppcimost handle o, acting with tlie fine nick, oi a motion a little moio quick may be given by 
the handle p, by means of the coatsc lack, which is made fast to a second wooden bai, the 
lowci end ot winch is concealed m the hollow hai q. When these bins and lacks uic diawn 
out of one another to then utmost extent, they admit of Ihe second fiamo taking a vcitical 
position, by a motion lotind its Iioii/ontal pivots. After the second motion has been given by 
the handle p, a thumb sciew fixes the bai of the com so lack by clamping the socket, llumigli 
which Its axis passes, and thus the finmo will be .sustainod in any angle of elevation, and yet 
Will be undci the command of the small handle o and concealed wheclwoik, without a .second 
clamping sciew. The bed of the Iclc'-cojio is a solid boaid of innhogiuiy, holding huge Ys to 
icceive it, the iippci end of which bed is seen al u v above the racked edge bni, I'lid a ]nnion 
boiiic by it at gives it a motion lonnd a stiong pm, passing through the second lunno at it* 
lower end , so that while the second finmo is at icst in any angle of elevation, the hod of the 
telescope can have an easy motion ptuallol to the hoii^on, by means of' the milled head of the 
pinion’s axis at w. The sciew seen at w fusions the bed to one oflho octagonal sulca of the 
mahogany tube. The finder and sliding bur of biass, for adjusting (bo oyo-jiicco and small 
speculum to distinct vision, mo similar to those nlieady described in fig. G., and need not fur* 
thci notice, hut (lie Iiltlo quaiUant at a', which caiiics a level on its voiiuer bai, and which is 
an iidditioii of oui own, is exceedingly useful in placing the Iclescojic to any icqnned degicc 
and minutoof elevation, when propcily luljustod} or foi giving the appioMinnlo altitudo of a 
heavenly body, that may at any lime have boon the object of ohsoivation. We have had a six 
feel Newtonian telescope by Tulloy mounted on (he stand winch has been hero desciibcd, 
and though its apcitiue is only seven inches, its pcifoimaiico is cxccllciU, and its steady and 
manageable molioiis render it a most conveiuenl instrumcn( foi the accomplisinncnl oJ' 
mcasuiomeiils, by iTnciometorsofcvciy dosciiptioii, as fiu as the opLicaf powois aic competent, 

AnjUSTMUNlS OT TUG NCWTONIAN TCrmSCOPT,, 

£). Ti> prove // Ihe mall speculum be apevjecl plane ,—PJaco a small achromatic telescope 
on a stand, and diiect it to a pun led card al about thirty ymds distance, and adjust for distinct 
vision j if the leading is not magnified enough, bring the telescope neaicr, till the pimf can he 
read. Ihcn place the small speculum in its box, at a like dislanco fiom the card, m such way, 
with icspccL to height and angle oi* loflcctioii, that the same caul may bo seen by an eye look¬ 
ing at light angles acioss the axis of the telescope $ then having tuincd the telescope loiind a 
quaiter of a ciiclc, place it so tha( its object-glass may point towards, and also approach near 
to the leflcctmg face of the small speculum, and in (his situation load the caul as icfleeted; 
and if It be as diilinclly visible, as when viewed bcfoie ducctly, without altciing tho foimer 
adjustment of the eye-picce foi distinct vision, the speculum is not only well polislicd, but its 
«mface is flat and suitable foi its purpose. Jf the telescope requiics to be elongated for dis« 
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tinct v:sion of the leftected caid, it shows that the focus of the object-glass is lengthened by 
chveiging lays, and that consequently the leflectmg face of the small speculum is a, little con¬ 
vex,- but oil the contiaiy, if the eye-pioce lequues to be pushed in, to gam distinct vision in 
the speculum, it shows that the focus of the telescope’s object-glass is alteied by conveiging 
lays, and that theiefoie the face of the speculum is concave. 

10. To place the small speculum m the centte of the tube .—Let a teiiestiial eye-picco, 'with 
its lenses taken out, be scicwed into the place of the celestial eye piece of the telescope, so as 
to guide the eye down it without much paiallax, then the oval section of the piece of tube that 
holds the small speculum will appeaf cuculai, and must be so adjusted, by sliding the lioldoi 
111 Its gioove of bidss, and by bending the aim that caiiies the said speculum, that the ciiclc 
hounding the field of view, within the empty tube of the tciiestual eye-piece, and the ciiculni 
ling, that siurounds the small speculum Uansfoiined by position fiom an ellipse, shall bo liiily 
concentiic. "When tins puipose is effected, which ought always to be done by the instiumeiit- 
makei, the sliding intcuoi bar of the speculum-holder may be sciewed fast to the extciioi bai, 
that caiiies the eye-picce , so that when the speculum is taken out, it may always be piopeily 
replaced by the limitation cnsuied by the sciew, which may be a thumb screw, applying at the 
outside of the tube. 

11. To adjust the face of the small speculum to an angle offorty five degrees mlh the axis (rf 
the telescope .—Tiioiigh the slope of tho small speculum’s siuface is by constiiiction as neivily 
foity-five degiees as mechanical means can effect, yet it will seldom be found to make an exact 
leflection of the Luge speculum up the centie of the teiiestnal eye-tube, without an adiusl- 
meiit of its position, this adjustment is made by means of three small sciews placed in a iii 
angle behind the small speculum, any one oi moie of which may be tinned until the illimii- 
nated sides of the mam tube be seen appaiently in the same diiecl line with the hue of sight 
do’wn the tciiestual eye-tube. 

12. To artist the large speculum to suit the verified position of the small one .—IliUicito 
the position of the laige speculum has been disiogauled, the next and last adjustment is, to 
place tins speculum at light angles to the axis of tho mam tube, by means of tho tlncc sciows 
of adjustment that act on the biass box containing it, foi it would be lujuiious to the shape 
of the cuive given to the speculum’s siuface, if the sciews wcie to act on tho mcUl itself, oi 
even if the metal weie placed too tight in its box of biass, the vaiiable tempeiatuic would not 
affect the speculum metal and biass alike, and an mjiny would be occasioned in the figuio oi‘ 
the leflecUng siuface by a change of tompeiatmc. The adjustment of the puncipal specu¬ 
lum’s position is known to be coriect, when any gauging piece of wood, oi metal, applied to 
the edge of the large tube’s aperture, at opposite sides successively, aie seen icflcctcd up the 
mam tube of equal lengths as seen at the mouth, and when the eye looking down the tciiestual 
tube, without glasses, also sees the small encuLu speculum m the exact ceutio of tho Lugo 
speculum leflcctod up the empty tube of the tciiestual eye-piece If now ciUiei the 
celestial oi teuestiial eye-piecc, having then lenses in, be adjusted for distinct vision of any 
object, and a positive eye-piece be applied, aftci the mannei of a dynainetei, m tho place 
of the eye, the dumnished images of both the specula will appear peifectly conccntnc if not, 

the sciews of the Luge, oi of the small speciihiin must make them so, and then the telescope 
is picpaicd foi use. 
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IS. To judge of the goodness of <i let)ge Netolonwn Spectdiint, —^When the Newtonian tele¬ 
scope IS piopeily adjusted, and diiected to view a card, oi othei object, placed at a inodciate 
distance, let it be set to distinct vision of the said object as ncnily as the eye can judge, then 
tinn the scicw foi distinct vision so that the object becomes giadnally indistinct, oi until a 
lound luminous point becomes enlaigcd into a disc of a coitain diamctci, when the small spe- 
culiiin is pushed in, oi made to appioach the large one, do the same, by means of a contiaiy 
motion given to tlie adjusting sciew, and stop when the disc appears of the same size as the fiibt 
disc, then, having pieviously maikcd with a pencil the place of distinct vision on the evtcinal 
sliding bai, lake notice wlielhei the spaces moved over by tlio bai mvvaids and outwaids, foi the 
foimation of the two icspective similai discs, bo equal, ifthcy aic, the %uic of the icflecting 
face of the laigc speculum is piopeily pm ahoUc ; but if the spaces moved ovei aie not equal, 
tlicfigiiio IS not good, when the nmcml motion is less than the outwaid motion, to pioducc the 
same disc, thcfiguieof the loflcctoi vi h/pe)dH)lw, but if gicalci, it will be spliencal. In 
a true pauibolic flguic the least motion piodiiccd by the scicw, in the position of the small 
speculum, will begin to piodiicc indistinctness, oi to foini a disc; but when the'flguic is iin- 
peifcct, the change of dislinclness will beguulual, aiuhvill lequucmoic motion to be given to 
pioduce the same elicct. 
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1. Arnm tbo ingenious and jiciscvoung contiivci of the Newtonian stand which we have do- 
sciibed, had cast and polished an immense viniety of specula foi telescopes ol‘ chn'eicnt sizes, 
ho finisbcd u twenty-feet leflcclor with a huge apoiLiirc in the year 178f2, which was mounted 
on a stand that admitted of being used without a small speculum, m making./; obseivaliom, 
and many of his discovoiics and incasincments of double slais woio made with tins instiumont, 
and with some of the Newtonian const!uction, bofoic in llio your 1785 he had put the fiinsliuig 
hand to the gigantic stiuctmo, wliicli soon became the object of nnivcisal astomslimcnt, and 
which foims the subject of oiir present section. Tlio late Sir William Iloischci had succeeded 
so well in constiucUng le/locUng telescopes of small apcituic, that they would bcai highei 
magnifying powcis tiiiui bad been cvci applied, but ho found that a deficiency of light could 
only bo icmcdicd by an incicased diameter of the large speculum, which ilicicfoic was his 
mum object, when he unclcitooK to accomplish a woik, which to a man less cntoipnsing would 
have appealed itnpiaclicablc. The dilficultiGS he had to oveicomc wcie ninnoious, paiticiN 
laily in the opciativc dcpaitment of piopaiing, melting, annealing, giiiuliug, and polishing a 
mass of metal, that was too unwieldy to be moved without the aid of mechanical powois. Tbo 
vauous contiivanccs and pioccsscs aic detailed m the 85tli volume of the Philosojihicnl Tians. 
actions of London (1795), and the figures contained m eighteen engiavcd plates, aio icfeiicd 
to in explaining the difibreut paits of the machmciy. It will not liowevei be expected, that 
wo should entci minutely into all the details of the constuiction of tins monumeut of skill and 
iiuUistiy milted, but that we endeavour to give oui leaders a gcneial idea of the structmc and 
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method of using the laigest telescope that evei was pointed to the sUny legions. As wc had 
occasion to give a desciiption of the foity-foet telescope in anothei woik, which we pieviously 
submitted to the peiusal and appioval of the inventoi himself, we 'shall have no hesitation in 
availing ouiselves of our own labours, in giving the same account in this place. 

Our i*late VIII contains a view of this magnificent telescope suspended in its stands 
copied, with some imimpoitant omissions, fiom Plate XXIV of the volume of the Philosoplucni 
Tiansactions above lefeiied to This view, taken fiom a station to the south-west of the erec¬ 
tion, represents the telescope elevated in the meridian line, and affords the means of seeing the 
anteiioi poition of the iiistiiiment and of its mimeiotis appendages; but does not allow the 
mechanism tbatsuppoits the infeuoi end of the tube, and that gives motion to some of the ad¬ 
justments, to be explained by a lefeience to then paits, and thciefoie must be compichcndod 
flora a veibal desciiption. The foundation, on which the fiame woik is elected, consists of 
two concentac ciicles of biick-woik, one 4^ and the otliei 21 feet in diameter, both sunk 
feet into the giound, and batteied fiom the bieadlh of two feet thiee inches to one foot two 
at the top, wlieie they aie capped with paving stones of twelve inches and a quaitci wide, and 
three thick In the centre of these ciicles is fixed fast into the giound, by brickwork and 
opposite biacps of wood, aveitical beam as a centie of motion, lound which the whole of 
the flame-woik may have a cuciilai motion in azimuth, the plane of the larger cii cl e being 
made peifcctly level The platfoim, that connects the diffeieiit paits of the fiame-woik near 
the giound, has tliiee puncipal hoiizontal beams lying paiallel to each othci, and thiee 
otlieis also paiallel to each othei, ciossing the foiinei ones at light angles, besides vaiions 
biacing beams, that tie the whole compactly togethei, by non holts passing thiough the placi s 
of mossing In oui drawing, the outer ciiclc of biick-woik and masoniy is denoted by the 
letteis A B, and the cucumfeicnce of the platfoim of wood by C D, Undei each opposite end 
of the six mam beams is fixed a lollei of si\ inches in diametci, and eight long, having each ti 
sttong lion flame bolted into the end of its lespective beam, so that the outei ciiclo has 
twelve lollcis but those wcie not suflicieiit to beai the whole at the distance of twonty-oiio 
feet flora the centie of motion ; thciefoie eight moie lollois, noaily oquidistant, were fixed to 
strong paits of the platfoim, so as to be home by the innei ciicle of twenty-one feel diametci, 
and thus the whole platfoim, with its supeistiuctiiie, is capable of making a lovolntion, when 
sufficient foice is applied, in a duection tending lounc! the ccntial veitical beam, that entcis a 
hole at the iimction of the two ccnlial mam beams, and that ascends but a little way above 
the ground Si\ out of the twelve lolleis of the oiitei ciicle aic seen between the biick-woik 
A B, and C D, the ciiculai edge of the platfoim the lest may be imaguicd, not only on the 
remaindei of this ciicle, but also in the iniici cncle which is concealed The axis of motion of 
these lolleis all point towauls the cential beam, and also then diameteis and flames aic pic- 
cisely similiii m dimensions, by which means they bcai alike on the basis of masoniy, At 
twelve feet distance fiom, and all lonnd this moveable platfoim, aic fixed fast into the ground 
eight equulislaiit posts, to an opposite pan of winch the ends of a long pliable lope me hooked, 
that pioducc the motion in azimuth, which lope, being conducted ovci two sepaialc pulleys, 
fixed upon the platfoim, at opposite sides of the centie, has its ends tinned in the duection of 
tangents, that point in opposite diiections to then lespcctive posts The middle pait of the 
lope is made to pass lound one of the spokes of a laige wheel, earned by the platfoim, befoic 
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it winds loiind the axle, so as to coil up both cuds of the lopc equally, which lope thcrefoic 
pulls by both tangcnlal ends alike, so as to apply an equal foice at each opposite pulley, while 
the resistance of the posts pioduccs the leqiusitc motion, without a sliam on tho centic. This 
mechanism gives the opeiatoi a great mechanical advantage, Tliat pait of the platform C, 
which connects tho exticme ends of the thioo longitudinal beams, above the lollcis at A, is 
made stiong, and is tho suppoit foi a pan of double laddcis, that aie seen ascciicling to the 
summit of the whole fiarae-woik, one on each side of the Luge tube M 5 and at D is anothei si- 
miLii suppoit foi two othei double laddeis, which, ascending in like inannci, meet the foimei 
ones, and cioss into them m such way as to admit of being bolted together at the points of 
ciossing. These laddeis aic pioppcd by othci shoit laddcis, as seen in the figuic, and some 
upiight masts, of winch one is seen elected ovci tho lollci at Jj, ascend 111 like raauiici and 
affoid the means of obtaining hoimonliil biaccs at diffcicnt hoightfl,all roimd Uicfiamo, except 
whole tlic elevated end li ol the telescope leqiuies an open space to be loll between tho fiout 
laddcis, foi Its diflcient dcgiecs of olcvation. 


3, Tho liansveiso beam F G, wlneli lies hoii/onlally ovei the ciossings of the double lad¬ 
dcis, and IS bolted to thorn, leceivcs tho hooks of tho dilFeient pulleys, tluiL Avill picbontly be 
dcsciibcd, al thcbamo time that it connects and braces togethci all the laddcis at thou iippci 
cxlrorailies. These laddcis aic each foi ty-nine feet two inches long, and tho height of the 
tiansvciso beam FG about foity-fivc, which will thorofoio admit the long tube of folly feel to 
bo laiscd undci it into a vertical position. Below tho inoulli of tlio largo tube, a gallery, ITI, 
with Its attaclied biiickcts IC and L, lests upon tho slopes of the interior halves of the double 
laddcis at aiul X lospcctivcly, and may be nuulc to slide up 01 down into any slate of eleva¬ 
tion, by two systems of pulleys, and lopcs going louml the blocks hooked at the junction of 
each pan of laddcis, to tlie tiansveisc beam F G, as iippeius in the Plate j and when this gal- 
leiy IS towelcd lo tho landing of the pair of steps M, a party of poisons may bo admitted into 
it lo giatify then cniiosity, the floor being fhiitcen feet and a half by six feet one inch and a 
half, and palisaded al tho fiont, as well as in pint at both ends, 'flic bases, 01 sliding paits of 
tlic brackets, aic picvcntcd fioin slipping aside by lateral lollois of brass, acting against tho 
straight sides of the middle polo of each double huldci, while other rollcis of tlio same metal, 
acting undci them, diminish then fiiction when drawn up or lot down by tho icspcctivo pul¬ 
leys. In the framing of these brackets it was ncccssaiy to mtioducc contiivanccs for allowing 
some deviation of the gallciy fiom an exact level, in case one of the brackets should bcclovatod 
by its pulley Aistcr than tho othoi j which contiivances aie not easily dcsciibcd without draw¬ 
ings of the several pints, 01 without inspection. 

4 -, The tube of tlic telescope, w'hich is thuty-nino feet four inches in length, and four feet 
ten inches Ui diameter, is composed entiroly of iion 5 it liaving been ascoi lamed that a wooden 
tube of piopor dimensions would have exceeded an non one in weight by at least three thou¬ 
sand pounds. Tho sheets wcio flist put togethci by a kind of seaming that icqimcs no iivets; 
and when the sides of tho non platform wore cut .straight, it was lifted bypxopci tacklo into 
a hollow guttei, and then brought gradually, by various tools, into a cyllnducal foim and 
united, Vanous hoops aic fixed within the tube, and longitudinal bais of iron connecting some 
of them, aio attached lo the two ends of the tube, by way of bracing the sheets and pieseiving 
the shape peifect, when the pulleys aic applied to give the ncccssaiy elevation at the uppe; 
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end, and that the speculum may be kept secine at the lowei end. The hoop, by which the 
tippei end of the tube is suspended, is eight inches bioad, and thicket than the icst, and the 
system of thiee pulleys, seen at N, with each a double block, has a coiicsponding sol at 0, 
hooked to the tiansveise pole G the bais to which the blocks ate hooked being so bent, 
that tlie moving lopes will not come in contact, nor will the elevated tube have its veitical 
motion distuibed by the tackle, eithei m ascending oi descending, which was an impoilanl 
piecantion. The lowei end of the tube is fiimly suppoited on lolleis, that aie capable of be¬ 
ing moved foiwaids oi backwards by a double i ack, connected with a set of wheels and pinions 
seen at R, which we will not attempt to desciibe moie minutely, but the use of which cvoiy 
mechanic will compiehend without paiticulai explanation. The handles and bairels i ound 
which the lespective lopes aie coiled aie not given in the diawing, but aic situated on the 
platfoim near the coineis of the small building in the piesent position of the fiamo. Oiigi- 
nally theie wei’e seveial appendages, neai the mouth of the tube, sliding by pulleys, ot h\od 
to the tube, for the pmpose of legulating the sweeps taken by this instunnent, but as iho 
twenty-feet leflectoi was afterwaids used foi this pmpose, they weie taken oflF, and have boon 
omitted in our di awing. By an adjustment at the lowei extiemity of the tube, the spccuhiiiii 
IS tinned to a small inclination, so that the line of colhmation may not be coincident with Iho 
longitudinal axis of the tube, but may cioss the tube diagonally, and meet the eye m the iiu 
at about two inches fiom the edge of the tube, which is the peciihaiity of the construcUoii, 
that supcisedes the necessity of applying a second leflectoi Hence no pait of the head 
of an obseiver mtcicepts the incident lays, and the ohseivation is taken with the face looking 
at the speculum, oi by what the inventoi has called, by way of distinction, the front'vim, tiu* 
back being turned towaids the object to be obseived. Besides the pulleys of elevation and ol 
azimuthal motion, theie aie otheis foi the pmpose of communication, as well as speaking- 
pipes, 1 op eating-hell 3, and signals by clock-woik, which cannot be fully desciibcd without ii])« 
piopiiate diawings, but the dexteiity of the celebiateil astionomei lendeiccl some of thorn 
supeifluous. 

S. The laige speculum is enclosed in a stiong non nng, biaccd acioss with bais of non, 
and an enclosuie of non and tin sheets makes a case foi it, it is lifted by thiee haiuljps o( 
non attached to the sides of the iiiig, and is put into and taken out of its piopei place in tlio 
tube by the help of a moveable ciane, lunning on a caiiiagc, which opciation icqiuics giout 
caie. Thiee small vanes attached to the edge of the tube at the mouth assist to place tlip 
line of collimation light at the eye piece on tlie edge of the tube, when they aic seen leflcctod 
fiom the spociilum in the piopoi oblique diicction. The speculum metal foi the twenty-fool 
telescope was made of a composition of tin and coppei in the piopoilion of 7 75 .20, but 
the metal of the laige speculum would have been too buttle foi its weight, which was 1050 
pounds, its diaraetei being foui feet; it had theiefoic alaigei poition ol coppei which made 
it liable to tainish, and less Inilhant than a bettei pi opoihoned metal, hut a second speculum 
of the same dimensions was kept as a spaie one, leady to supply its place, when leqmiccl to bo 
le polished. The metals weie piocmed for the laige telescope at a waiehouso in ThaniGB 
Sheet, London, wheie they kept ingots of two kinds, leady made, one of white, and the other 
of bell-metal, and the laige specula weie composed of two ingots of bell-metal foi one of 
white. It was not to be cxpccied that a spocuhiin of such laige dimensions could have a per- 
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feet figme impaitcd to its siuface, iioi that flic ciiivo, whatevci it might be, would remain 
identically the same in changes of tempciatiuc, theiefoie we aic not suipiised when we aic 
told, that the magnifying poweis used witli this telescope seldom exceeded SOO, the q^uantity 
of light collected by so laige a suiface being tlio inincipal aim of the makei. 

0 . The laismg of the balcony, and sliding of thelowei end of the tube aie cflbcted by 
sepaiato tackles, and icijuuo only occasional motions} but the elevation of the telescope le-' 
qiuics the main tackle to be employed, and the motion usually given in altitude at once was 
two dogices, the bicadth of the zone in which the obscmtions weie made, as the motion of 
the sphcie in light ascension hi ought the objects into view. A stiii howovoi could be followed 
foi about a quartci of aii houi. Thicc poisons were employed in using this telescope, one to 
woik the tackle, anothci lo obsoivo, and a llnid to maib down the obsei vations. 

7. The elevation was pointed out by a small qiindiant fixed to the mam tnbe, near the 
lowGi end, but the polai distance was nuheatod by a piece of macliniciy, woikcd by a stung, 
winch continually indicated the degico and ininuto on a dial in the small house adjoining, 
while the tune was shown by a clock in the saino jibico} Miss Ucischcl peifonning the oificc 
of legistiar. The range in altitude was limitocl by the sinking of a bell, and sheets of Inigc 
paper, lulcd into squares, wote used by way of a icgibtci, oacli squmc being equal to a qiuulcr 
of a dogico, and when a cross was inserted, it showed that the corresponding portion of the 
sky had been obscivcd} but when a single stroke only was inserted, it indicated that such 
place Imd been only pnitially examined. The degree of approximate accuracy, with which 
the place of a double slai 01 nebula was thus laid clown, was most oxtraorcUnary, though still 
wanting loctification. 

8. The stand, pulleys, and other appendages winch wo have heio dcsciihod, when made 
of smallei dimensions, aic ccpially suitable foi the twcnty-fcct telescope, which is not only 
moic manageable, but moio generally scivicoablc, us it may be used in stales of the weather, 
when the huge instiumont would not pcilbun so well. 

9. Ml. IlcischeJ, who inhciits all tlio skill and mil of his father, lias lately giound and 
polished a now spcculuni for the twonty-fccL tube, which shows the double slais well deiined, 
and with which ho has obscivcd an additional nLiuibor, that, in conjunction witli Mr, South’s 
second list, will greatly augmoni the catalogue that was lately published jointly by those astro- 
noincis in the Philosophical Tiansaclions of London} the foimoi gentleman has aUeacly gii'cii 
a papoi on Iho subject to the Astronomical Society of London, and the laltei has presented 
Ins second seiics of ohscivalions to llio Iloyal Society. The public have also boon pronlisod, 
01 have reason lo expect, a laigc Incioase to the present list of double stais fioin Piofessor 
SUuve, who IS now using Praunhofei’s lingo rofracting telescope for tins pin pose. 

10. Dimng Ins dcvclopcment of vauous celestial aiciina, the late Sir William Ilerschel 
intioduccd the application of a now power called the sgacC'fQmtr^hPg power of Ins instruments, 
which consisted m a coitam union of light with magnifying power, winch property may be 
said to belong exclusively to instuimenls of large dimensions, as will bo seen horeaftei, 

11. The discovciy of the satellites of the Gooiguim Sidus was made by the twenty-feet 
xeflcctoi, aftei it had been convcited fiom the Newtonian to the Ileischelian constiuction } 
affoiiUng a pi oof of the supciiqiily of the lattei ovci the foiinei when the same speculum was 
used. But it was lescived for the foity-feet telescope to discover the sixth and seventh satel- 
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lites of Saturn, only one of winch is within the reach of the twenty-feet insl rument, oi even 
of a twenty-five-feet icfleclor, with which the Geoigian planet was afteiwauls viewed. “ In 
beautiful nights, when the outside of oui telescopes is dropping with raoistuie dischaigeil 
from the atmosphere,” says this eminent astronnmei, “ theie are now and then f.rvomahlc 
hours, rn which it is hardly possible to put a limit to the magnifying powers. But such valua¬ 
ble oppoitunities are extremely scarce, and witli laige instiuments it will always be lost la¬ 
bour to observe at other times ” * And m the same paper he adds, “ m order, tlieicfoie, to 
calculate how long a time it must take to sweep the heavens, as far as they aie within the 
reach of my foi ty-feet telescope, chai ged with a magnifying power of 1000 , I have had i c- 
course to my journals, to find how many favouiable houis we may annually hope foi in tins 
climate. It is to be noticed, that the nights must be very clear, the moon absent, no twilight, 
no haziness, no violent wind, and no sudden change of teinpeiatuie, then also, shoit intcivals 
for filling up bioken sweeps will occasion delays, and, under all these ciicuraslanccs, it ap¬ 
pears, that a yeai which will afford ninety, oi at most one bundled hows, is to be called vojy 
productive.” In the equator, with my twenty-feet telescope, I have swept over zones of two 
degiees, with a power of 157 > hut an allowance of ten minutes in polai distance must be mtulo 
foi lapping the sweeps ovei one anothei wheie they join As the breadth of the zones may 
be increased towaids the poles, the nortliem hemisphete may be swept m about foity zones 5 
to these we must add nineteen southein zones , then fifty-nine zones, which, on account of the 
sweeps lapping over one anothei, about five minutes of timem right ascension, we must reckon 
of twenty-five homs each, will give 14-75 houis And, allowing 100 hours pei yeai, we find, 
that with the twenty-feet telescope the heavens may be swept in about fouiteen yeaisand tin uo 
quarters. Now the time of sweeping with different magnifying poweis will be as the squaics 
of the powers, and putting p and t foi the powei and time in the twenty-feet telescope, and 
P =1000 for the power in the foi ty-feet mstmment, we shall have 

t P* 1 ^ = 5984.0. 

j)* 

Then, making the game allowance foi 100 houis pei yeai, it appeals that it will icquuc not less 
than 598 yeais, to look with the foi ty-feet leflectoi, chaiged with the above-mentioned powt'i, 
only one single moment into each p.ut of space, and even then, so much of the southein he- 
mispheie will remain unexploied, as will take up SIS years inoie to examine. 

IS. Wlien stars of the fiist class, such as e Bootis, y Leonis, « Lyise, &c and clusters of 
small stars weie examined, the magnifying poweis used weie as follow, viz. 4.60, 6S5 93S 
H59, 1504), SOlO, 2398, 3168, 4.S94., 54-89, 6450, and 6652 but m geneial the iacc'peiio' 
tiating powei was greatest with smallei magnifying poweis. As we shall have occasion to 
tieat of the space-penetrating power in a distinct section, we cannot conclude our piesent article 
bettei, than by subjoining ahst of the valuable papeis communicated, fi om time to lime, by ou r in¬ 
defatigable obseivei, to the Royal Society of London, togethci with then titles, and the volumes 
in which they aie contained, as well as the years in which they were printed, in order that our 
readeis may the inoie readily refei to them. 


* PM Trans Vol. XC p. 80 1800, 
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5 XVI IIERSCIIELIAN TELESCOPE AS CONSTRUCTED BY RAMAGE QP^a-ibb IX X ] 

1 Tiir consUuciion of the stand foi suppoiting and icgnlatmg the motions of the Iloischclian 
telescope has been consideiably sunphfied by an ingenious tiadosman of Abcidocn, Mi, 11,image, 
>vho hiis succeeded in mounting two laigo specula of fifteen inches dianietei, and Iweiity-five 
feet focal length, in such way as to be manageable by an obscrvei without an assistant. IIis 
cxpciionco in casting and polishing metals ol vaiious si/es, dining a poiiod of about a dozen 
yeais, has quahhed him to picpaio specula of gi’cat liislic, and with an unusually high polish j 
and if he piocced with ins l,ibouis with ecpuil skill and assiduity, it is hoped he will succeed in 
giving the whole suiface of Ins metal such a poifcct cui’vo as may fico it fioni the efibet of ie» 
inaining abcrintions. An insliumcnt ol the construction and dnncnsions above noticed has 
been put up on a platfoun iit Giecnwich, which at (list astonished the obscivcis, who had not 
been accustomeil to examine a heavenly body with an insti uinent possessing so much light j and 
Its peifoiinanco was deemed quite oxliuouliiuuy, hut wlicn the lust imincssiou had subsulotl, 
and dilfeient tiials had been made in dillerout slates of the almosphoic, it wns discovcicd that 
the cential poition of the speculum was more pcifcctly figured, than the iing boulciing on tiic 
cxtiemc edges. When the npcitiuc was limited to ten or cloven inches, tlio pcifounmico, as to 
distinctness in the definition, was greatly impiovod, and the light wns so brilliant, thatlho astro- 
noinct loyal was disposed to cnleitain an opinion, that it might equal that of a goodiefiactor 
ol the same diinoiisions. When liowcvei vciy small and obsciuc objects aio to bo obscivcd, 
the whole light of the ontiie apciUue maybe used with advantage on favouiablc evenings. 
Much is to bo imputed to the OMstiiig state of llio atmosplieio, as well ,is to the powcis of the 
telescope, when huge mstuiineiits ,uo used ofcithoi theiofincUng orielloctnig consUucUon, 
but moi 0 pai ticulaily of tiie hit tci, when the apci tin c is great. A dcsci iption of Ilamage’s twen¬ 
ty-five feet telescope was icad bofoic the Astiouoniical Society of London on the llth of No- 
vcmbci, and on the Pth ol Dcceinbei which has boon published in the second volume ol 
then Memons, illustiated by Im’o onguivod jilatcs, which wcic drawn and engiivvecl at the joint 
expense of the Society and ol the nulhoi of this volume, niul winch Ihoiofoie scivo the piu- 
posos of both the woiks. A poispucltvo diawing of llio telescope moimlcd in its stand, as oiccted 
atGioenwich, is lopicscntod in Plate IX, which exhibits almost all the most essential parts of the 
mechanism united in then places, and I^lalo X. gives detached paits, foi the sake of explaining 
moic in detail the dimensions and stuiclnie of the separate poilions, bofoic they aio put toge- 
thei. As Plate IX. contains a well executed pictuic of the instimncnt, that speaks for itself) 
we will not spoil its appcaiancc by adding letters of lefeicncc to it, but shall desciibo the con¬ 
stituent paits given sopaiatcly in Plate X, by the assistance of the same IcUcis that wcio added 
by the authoi himself, fiom whose dosciqition it will not bo necessary mateijally to deviate. 

S. The platfoim, upon which the fiaine of the toloscopo revolves in azimuth, is shown in 

fig. 1. of Plate X,, in which the circle denoted by the letters A A J, ia s, railway composed of 
cast lion, twenty-seven feel and a half in diametei, and foiii inches in bieadth} seven equal 
segments, of neaily foui feet cacli, aie united by dove tails, and laid on the ends of eight piles 
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in a hoiizontal position, to complete the iail>way. The base of the npiight stand consists of 
font stiaight beams B B B and B, each twenty-five feet long, the two middle ones being pa. 
lallel to each otbei, at the distance of two feet, but the two outei ones aie placed obliquely, 
with lespect to each othei, and to die middle beams, being sepaiated at one end by foiutecn 
feet, and at the othei by only six, and aie intended to prevent all lateial bending oi yielding of 
the incumbent fiame-woik. These foui beams aie connected at then extieme ends by a pan 
of cioss beams jS E and D D, the foimei of which is fifteen feet and a half long, and foinis 
the basis foi the two long laddeis, MN, and 0 P, seen in fig. 2, but the latlei one, which is 
only seven feet in length, supports the paiallel biaced fiame shown m fig. 3. Undci the points 
at E, E, jD, and D, aie fixed foui metalliclolleis, each six inches m diametei, set in fiames of 
lion, that aie dnected so as to carry the whole fiamo round the cential stioiig non pivot, m a 
post fixed fast in the giound at C, wheie the cioss beam connects the parallel beams, and holds 
the pivot steady. The front part of the npiight fiame consists of the two tiianguhu ladilciH 
seen in fig 2, the innei sides of which aie foimed parallel to each other, at the distance of fivo 
feet, that the tube of the telescope, which swings between them, may have a little hoii/oiUul 
sweep. The height of these ladders when elected is thiily-one feet, and the width of each at 
the lowei end five feet, which gradually diminishes to the point of junction at the lop. Tho 
othei end of the fiame is that which is seen in fig. 3, foiming a parallelogiam of thiity-onc Jcol 
by six, meeting the two ladders at then uppei extiemities, and being united to them by sUoiig 
SCI ew bolts at the points of meeting These paits aie biaced togethei, as seen endwise iii fig. 1*. 

3. The galleiy, in winch the obseivei stands when he makes his obseivations, is made* to 
slide upwaids oi downwaids between the two parallel sides of the laddeis, having fiiction i oil cm 
to facilitate the motion, and latchet stops, which slide ovei the steps of the laddci m the ascent 
of the gallery, but which, falling by then own weight into the way of the steps, pi event ils de¬ 
scent foi moiethan SIX inches at a tune, which contiivance istheiefoic a sccuiity agaimst any 
accident that might occui in the event of a lope giving way. The tackle used foi laising ihu 
galleiy and loweiing it, aie a winch F, and system of pulleys, such as aie seen m fig. 5, icpie- 
sented by thcletteis A A B B andC?, the two fiist pulleys aie attached to the galleiy at equal 
distances fiom its centie, and the next two, B B, aie made fast to the laddeis neai thou suiminU, 
and the fifth pulley C, fixed to the stiong cioss hai connecting the tops of the laddeis, .selves 
to change the diiection of motion of the coid, to guide it to the baud of the winch to which one 
end is made fast, while the othei end is fixed neai the light hand pulley B. The winch F may 
be seen in Plate IX, as well as in fig 1 of Plate X. lying acioss the mam beams B and B, near 
the giound 

4. The tube of the telescope is twenty-five feetin length, and eighteen inches in diumetoi, 
being composed of deal boaids five eighths of an inch thick, m the foim of a Iwclvc-salcd 
prism, and stiengtliened inteinally by iings of haid wood, which allow a space of fifteen aiul a 
half inches foi the apeituie. This tube is elevated to any height by a quick motion given to 
it by a winch and tackle, siinilai to whal have been above desciibecl as connected with tlie 
gallery, Two pulleys A^ P, (fig. 6) aie made fast to the uppei side of the tube, the pulley A 
at about twelve inches fioin its open end, and the pulley P at seven feet below, thciopc, 
aftei passing ovei these and thiee othei pulleys €, C, C, fixed to the uppei cioss-boam, is 
wound loundthe bairel having a winch below, at Em figs. 1 and 6, and seen also in Plato IX, 
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occupying a situation acioss the mam beams, opposite the band JJ’befoie tlescnbecl. When 
the quick motion in elevation has been given by the winch L to the appioximate altitude, the 
icmaiiidei is given by tlio handle placed at the end of the double baiiel D, which the aiithoi 
has not fully explained in his oiiginal dcsciiption, as pioducmg the slow motion of adjustment. 
When one end of a cCid has been made fast to the hand L above desciibed, and wound a few 
tunes lound it, it passes ovei the light hand pulley C, thou ovei the pulley A fixed to the tube, 
and then, taking an oblique diicction, passes ovei the left-hand pulley C, and also the middle 
pulley C, befoxo it descends and jiasscs undei the pulley P, the second pulley fixed to the 
lube, whcic, if made fast, it would elevate the tube by the quick motion, without fuithci ap¬ 
pendage, this efibet indeed is actually piodneed while the pulley P is at lest, and while 
the block seen at Ji is slationaiy, which is alvvay.s the ease while the double baud i) icmains 
at lest, notwitbstaading the baud at X may be luiiicd} foi in this case the opposite end of the 
lope, made fast to the block E, may be considoiod as made fast to the Lube, but theie i.s a se¬ 
cond cold e c, which sun omuls the block E, and has one of its ends fast to the tluckci poition 
of the double baud i), and the othei to the smullcr poition, aftci they have been coded sevc- 
tal tiinch, m opposite diicclions, lound thou lespcctive ends of the said baud 5 hence, as the 
handle F of this double band is tinned, the coni, that is unwound ftom one end, is wound 
loimd the olhei, which opeiation does^pt allow the block li to iciniun stftlionaiy, but causes 
it to move with a slow motion, dopcncHng on the difibi’ciicc of the diaincteis of the (wo ends 
of the band, which may have any propoition given them, that the natuio of the slow motion 
requucs. When, Ihcicroic, the winch L icmains quiet, and the end of the coal siinonncling it 
IS stalionaiy, tlic block E pulls the opposite end veiy slowly, and Iho coid acting at the pulley 
P gives a slow elevation to the telescope, 01 otherwise a dcpicssion, accouUngly as the handle 
Fis turned foiwaids oi backwiuds, that is, accouhngly as the huger end of the bund is gam¬ 
ing 01 losing its coal. In tins mannoi tlie slow motion in altitiulo is efibclcd by the obscivei 
himself, as he stinuls in the gallciy, to the extent of thice 01 four degrees. Near the lower 
end of the mam lube a fiiuloi is fixed with cross wiios, and also a small quadrant with a level, 
by means of which the ajipioxiinatc altitude can be given by the ohservci befoie he ascends 
into the gullciy, and a divided aic of tineo dogiees, witli a ladins equal to the length of the 
whole tube, is pointed to by an index made fast to the gallciy, fioin which the additional aUi- 
tiidc 01 dcpicssion can be known m iho galloiy, as it is alloicd by the slow motion thus occa¬ 
sioned by the double baud. 

S The tube itself is sujipoilcd at its dcpiessed end by two inetalhc roUcis seen m 
fig 7, of each four inches m diametei, which are fixed at the opposite ends of an axle lice 
foul teen inches long, and move on the base Q H, shown in fig. J, as the telescope is elevated, 
m oulei that the elevated end may just leach the eye of the obsoiver The backwaid and for- 
waid motion is pioduced by a lope doubled like the icm of n canlage-liainess, by pulling one 
lein 01 the other, as the motion icquiics, and is thus efibeted when the obscivcr has hold of 
the middle or doubled pait of the lope, botii the ends aic hud down the undei side of the lube, 
and the one suuounding the pulley JB (fig 6.) and made fast to the tube is fixed at If, (figs. 1 . 
and 6.) and being pulled, makes the tube approach, while the othei end, sui rounding the pul¬ 
ley I, on the cioss-beatn D JDf being pulled, makes the tube recede, and thus an alteinale mo- 

VOL, II. M 



83 


IIERSOIIELIAN TELESCOPE AS CONSTRUCTED BY R.AHAGE 


tion can be pioduccd by simply pulling the leins by tuins, which may hang on a peg, ncai the 
hands of the obseivci, wbeft not wanted 

6. Fiom the construction of tho tackle by winch the tube is suspended a fi oc motion may 
be obtained in any state of elevation, except when the tube is chiocted to, oi neaily to, the ze¬ 
nith i m which situation, if the hoiizontal lange be given, the piessure will be upon one of thi' 
two bottom lolleis, zl, A, only, to obviate which inconvenience, a pivot is placed at light an¬ 
gles to the axle of the lolleis, which, tmning in a fiame attached to the end of the tube, places 
the weight on both the lolleis eq,ually in eveiy position of the telescope 

7 The quick motion in azimuth is thus piodiiced . at the nauow end of the fiame a 
baiiel is fixed, seen at K in fig. 1, to which a coiled lope is made fast, and aftci passing loimd 
two fixed pulleys to change the diiection of motion, has its lemote end fastened to one of tlie 
five piles diiven into the gioiind at the equidistant points a, a, a, a, and a, to any of winch il 
will hook as occasion may lequue, and when the winch is tuined, the whole fiame will tiiin in 
azimutli as far as the pile will diaw it, after which the rope is hooked to another pile to com¬ 
plete the motion, that is necessaiy foi pointing the tube neaily to the azimuth of the ohjecl , 
after which the obseivei can give an hoiizontal lange of about eight degiecs, by swinging 
the elevated end of the tube to the light oi left, as his back is tinned towaids tho object, 'riic 
speculum, like Su William Ileischel’s, is placed at depiesscd end of the tube, and has ml- 
justing sciews to tiun it into the angle of obliquity necessaiy foi placing the imago in tho field 
of the eye piece, winch is adjustable at F (fig. 6.), at the left-hand side of tho mouth of the 
tube, and has sciews foi tmning its axis of vision in a line pomting to the centic of the spoon 
lura, as well as lack-woikfoi giving distinct vision Theieinsof iope which legulalo the 
distance of the lower end of the tube fiom the ciiculai lailway, seive also to give the hon/on* 
tal range, and to hold the tube m its place. 

8. The cye-pieces adapted to this telescope have poweis which magnify tlic object lincaily 
fiom 100 to 1500 tunes, which aie competent to fulfil all the puiposes of vision when denied 
of abeuation When tlie telescope is placed in the plane of the meiiduui and elevated, tngc- 
Ihei witli tlie galleiy, into any lequiiecl altitude, the mendmal sweep, foimeily piactiscd by 
Su William Heisclicl, and continued by his son Mi. Ileiscliel with gicat success, in tlic (‘Mi- 
mination of double stais and nebulaj, maybe managed with gi eat ease. Wo do not ic.iin, 
howevei, that any raiciomctei has lutheito been applied to the telescope undei oui notice j but 
theie can be no doubt of its utility being gieatly enhanced by such appendage, and bya coirc- 
spending table of measuiemcnts 

9 When the telescope is not in use, the speculum is lomoved, the galloiy and tube iue 
lowcied, and the lattei is laid hoiizontally in a long case, foimcd between the parallel cioss- 
beams fioin II to (?, fig. 1, and is piotectedfiom the weathei by a coveiing of oil-cloth, It 
has been asseited, that a fifty-feet telescope by Ramago, of twenty one inches apciluic, is in¬ 
tended to be substituted foi the twenty-five feet instalment at piesent elected at Giccnwicli, 
and the speculum we know is piepaied, though not yet fully tiied j but whethci the plan will 
be earned into execution at the expense of the honoiable Navy Boaid or not, is pcihaps not 
yet determined. 
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i 


1. Sm William Iloischcl was Ihp fiist obscivci of tho heavenly bodies, who m,ulc a distinction 
between the viagni/ijtng powci and f>])ace-pencl)altng powei of a tcloseopc, and has given us 
examples thatpiovc clcaily the ncccssily of distingmshing one species of powei fiom the otbci, 
paiticuhuly when laigc instuiinents aic used. It is well known that a small stai, foi instance, 
tho companion of Polaiis, is seen lluough a telescope ol laigc apeituio witli a smnllei magni¬ 
fying powei, than it can be lendcied visible with a small apcitiiie even by a high powci if the 
magnifying powei is sufriciciit to separate tlic small stai fioni tho lays muiounding the edge of 
tho huge one, it is all that is iPipnied, hut tlie quantity of light ndinitled into the piijiil must 
be competent to diaw the stai onl of space, if siicli an cxpiossiou bo aclnussiblo, and to iciulci 
it disimgmshable by tho assisted eye. 'I'lus joint oftecl is pioduced by a ceilain muon of mag¬ 
nifying powei with (piantity of light, so as to pioduce a latio between the vidiies of the two 
piopeitios, that shall bo favoiuablo to the obseiver. If the whole quantity of Iiglit emitted by 
the suifacc of aluminous body miglit be denominated by tho lettui L, the mean copiousness of 
light emitted iiom all tho ])hy.sical points o|' the said body by C> anti tho nuinbci of such points 
of emission by N, then Sii William assuifftld that CN, the copiousness niiiltiphcd by tho num- 
bci, IS always equal to L, But as llio quantity of light that cnlcis the telescope, or, inoio 
stuctly speaking, that onlors tlio pupil applied to a telescope, is wliat is concerned in tele¬ 
scopic vision, it may he dist mg lushed by the small letlei /, and then tho equation will bo 
CW=:^ Tho density of light liowever decicases in the lutio of the .sqii.uc of the distance of 
the eye fiom the luminous liody, and if that distance is icpieseiilcd by Z), then the cxpiession 

I 

becomes — . In natuial vision the quantity I depends on tho size of the pupil, which is difibi- 

ent in diffoicnt poisons, and even in the same eye in difleiont stales of conlincUon or of dilata¬ 
tion. The authoi assumes the mean dmmoloi ol the pupil to bo of an inch, foi the sake of 
illustrating his mode of computing tlie space-pcnetiatmg powci of a telescope. If the dimnctci 
of the apciliuc, oi of tho olijoct glass, bo denominated by J, that of the pupil by «, then 
the quantity of light admitted by the telescope at any given distance liom tho luminous object 

A I a'I 

will bo cxpicssed thusand the fjnantily admitted by the pupil thus But, in the 

JJ JiJ 

use of optical instiumcnls, the pencil of light transmitted lowauls the eye, may bo gicatei than 
the pupil can icccive at once, in which case tho expiossion will not be applicable; if tbeic- 
loie the magmlymg powci be denoted by m, tho apeituio and this powoi must bo so mochlled, 

that ~ ought not to exceed «} and then tho bughlness of a liiniinous object seen by tlio eye 


of an obsei vei at a distance will be expressed by 



2 The authoi is awaie that mathematicians may object to the use of this cxpiession, on 
the gioitnd that an illuminated object is equally biighl at all distances , which objection he 
obviates by showing that thcie arc dilFoicnl stales of bughtnes.s that aie disUngmshablc, but 

nr 2 
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which in common language aie confounded with each othei. since the quantity of liglu 
emitted by any luminous body is expressed by C N, as above sUted, this definition implies ihal 
theie may be a modification of the biightness thus expiessed, it mayause flora the gicatci 
value of C compared with the value o{N, oi fiom the gieatei value of N compared with tlio 
value of C, in the foimer case the bughtnessis called by oui authoi mtunsic, and in the latter 
aggregate, but m all cases the absolute brightness will be defined by G N. 

3. Now the mathematical demonstiaUons of opticians, which have legaid to what is hoic 
called intrinsic biiglitness, or to the illumination of the pictuie of objects on the iclina of tlie 
eye, will not be at vaiiance with what the author afflims of absolute bi ightness. To show the 
distinction raoie clearly, when it is said that the sun must be as biight to an obsetvci on the 
planet Satuin, as to an obseiver on the Eaith, Sii William admits that the pictuie of the Snii 
on the retina of the Saturnian observei may be as intensely ilUimiiiatcd, as that on the letiiiu of 
the tenestiial obseiver, the appaient diameter being smallei in the hist case than in the second, 
but he cannot admit, that the fonnei absolutely \QC.Q\v&i as much light fiom the Sun as the 
latter, since this would be denying the well known deciease of light with the increase of disUtnci*. 
Foi, if we consider that the Sun must appeal a hundred times less to an eye on Saturn than on 
the Eaith, in consequence of the mci eased distance, while it is said to be intrinsically as blight 
theie, it must be here absolutely an luindied times iiq^ie blight. And what is true of the Sun 


will be equally so of the stais, though then distances exceed all calculation the light wc !(.'• 

(Cl 

ceive flora each of them will be piopeily expiessed by and theiefoiethcii absolute blight 


ness will vary m the inveise latio of the squares of then distances. Hence it is concluded, 
that stars cannot be seen by the naked eye when they aie situated moie than seven oi ciglil 
times farther fiom us than the stai Sums, that they become vety soon, compaiatively speaking, 
invisible to the pow'eis of our best telescopes, and that then dejiends on the sjina- 

feneUating powei of the instiument used Theie ate howevoi othei considerations that nuist 


affect the space penetrating powei of the telescope, such as its good definition of an ohjci’t 
viewed, the state of the atmospheie, the natuie of the luminous body, whetliei sclf-Juminoiis, 
or only perfoiimiig the office of a leflector, and the poweis of the obscivei’s eye so that llie 
subject cannot be fully leduced into any geneial teiins, that will corapiehcnd all cases m winch 
the powei may be employed, which has the piopeity of penetrating into space, oi of londciing 
veiy distant objects visible. 

4 If we could, from the doctune of paiallaxes, oi othei wise, assign the tiue distancosi to 


stais which, fiom oiu sensations alone, we now call stars of the flist, second, thud, &c. mag- 
nitudes, the oKpiession — would affoidus the means of lendering stellai obscivations most 


mteiesting, in developing the stiuctuie of the starry legions, but oui sensations cannot be 
halved oi quaiteied, and as we have no means of determining the actual distances of the stais, 
as we have of the sun, moon, and planets, we cannot avail ouiselves of the teiin 1), m the ge¬ 
neral expiession of biightness in the former case, as we can in the lattci, but we may substilula 
the name of the object for its distance, and make a scale of compaiative brightness thus, 

—'vhich is all that the unassisted eye can pictcnd ta 
® Sirms (3 Taun Fom is ^ *■ 
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If we were to assume, that the thstanco of the ncaiest stai, say of Sinus, or Arctuuis, is 
4il2530 tunes faithei fiom us than the Sun, as has been iinpeifectly calculated from the doc¬ 
trine of paiallaxes, and also that stais of the second magnitude aic placed at double then dis¬ 
tance, and so on, the diminution of biighUiess of the stais of the foiiith, fifth, sixth, and 
seventh magnitudes, oiii authoi has computed, would answci pictly well to the mathematical 
cxpicssiou of then biightuoss compaiatively taken, and the diflcienccs would diimmah with 
thou distance, Ibi instance, tlic calculated latio of the biightncss of a sLtu of the sixth magni¬ 
tude, to that of the seventh, is but little moio tliaii l-J 1, but still the eye can disciiminatc 
this small diffeience m actual ohscivations, though diflciont csliraalious of inagiiitudo, fiom 
coinpaialive biightncss, will bo foaned by difFoicnl ohscivcis, even undci the same ciicum- 
staiices of light and magnifying powci, accoithng to the dcgiccsoflheii expeiienco, and faculty 
of making compausons. In a favouiable slate of the atinosphcic the utmost that the unassist¬ 
ed eye can icach, is a star of the seventh magnitiulo, and hcncc it is concluded, that no slai 
inoic lluin eight, nine, oi at most ten times liutlioi fiom us than Snius, can be pciceivcd by 
the naked eye. 

5, Now since the bughlness of luininona objects is mvcisclyas the squares of the dis¬ 
tances, it follows that the spaco-pcnctialmg power must bo as the square roots of the light lo- 

ceivcd by the eye of the observer, and this powoi ni iniluuil vision is expicssetl by /, foi 
if the biightncss of light be tally expressed m untuial vision hy|j;, and in telescopic vision 


by 


A^I 

Z)‘‘ 


the artificial powei ot pouetiating into space, will bo to the natural power, as A i 


which is as the diamolci of the speculum, oi of the object glass, to the diametci of the pupil 
of the eye, when JT, (he lean common to both expressions, is omillod. But by pin suing the 
method of M. Bouguoi, given in Ins TmH 6 c}’Oj){ique (p. IG fig Si), oui author detcimmcd by 
a loiigh cspoiimcul, that out of 100000 incidenl rays, 07^02 woio icflcctod by a well polished 
plane miaoi at aiSinglo reflection, and that thcioloic two loflcctions piescrvod only 4i5fS4i2 of 
the said lays. Bcfoie this leflectcd light leachos tlio eye, there will be a still fuither diminu¬ 
tion of the lays; and it was found by Bouguor’s method, that when n piece of well polished 
glass, about the thickness of an eye lens, was the liansmittmg substanco, about Q'tSSfl lays out 
of 100000 passed thiough, so that, when two lenses aio used, 89918 only will be tiansmiLled, 
and with tliieo lenses 85205. Then by compounding these amounts of lost rays, in the Ilci- 
schehan coixstruclioii 03790 lays of the 100000 will reach the eye) but in IheNewtonidn, only 
42901, with a single lens, or, with an eyo-picco containing two lenses, 40681 will be the oflbet- 
ive numbei, if wo admit that there is no unceitainly in the quantities thus dclciminetl. For 
the collection to be derived fiom this loss of light m leflcclion and tiansimssion, we may put 
.r; and as thoic will be some fuithci loss in the Newtonian telescope, fiom tho second ic- 
fleclion fiom the small speculum, if wc put 5for its diametoi, wc shall have ~ A‘) foi theioal 

incident light) which being corrected for loss m lefloction as above by a>, will give tho genetal 
expicssion for the space penetrating powei of a lolescopo, wheio theic aic two 

icflections, oi i/,xl,A^ whcic theio is only one, or wheie 5 =■ 0 Then if we put natuial light 
1, and divide by a, the diametei of the pupil of the eye, thegeneial foimnia foi telescopiQ 
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Vision becomes whatevei we assume ox detcimme the aperliue of the lus to be 

a 

6, When a Newtonian telescope of twenty feet focal length was used with an apcituic of 
twelve inches, on an evening when a distant chuich steeple could be nolongei distinguished by 
the naked, eye, the dial of a clock placed against its wall was visible, when the spacc-pcnctialuig 


powel, agteeably to the geneial foiinula, was -15 ) 

% 


38,99j wheic tho diainelci 


of the pupil IS talcen at —, and wheie A, a, and b aie expiessed in tenths of an inch. l'’ioiu 
this expeiiinent it appeals that telescopic vision is peifoimed by tho absolute, and not by the 
mbmstc biighliioss of objects Foi though the intunsic illumination of the pictiuo on tho 
letina, which is made by the telescope, does not exceed that which is made by naUual vision, 
yet the absolute biightucss of the magnified pictuie exceeds that of tho natuial pictiuc in iho 
same lalio that the aiea of the fiist, oi component quantity N, m the fiist, exceeds that in Iho 
natuial pictuie 5 and N C in the telescopic pictme exceeds NC, oi the absolute biightncss, lu 
the natuial pictiue, in this instance, about 1500 tunes 

7 It is in this way that the huge apeituie of night glasses and of comct-findcis, with 
compaiatively small magnifying poweis, peifoim then office bettei than telescopes of the oiiU- 
naiy coiistuiction, though they may not magnify the object moie than seven 01 ciglit tiinos , 
m these constiuctions, if wc suppose the diametei of the object-glass to be not moio than 
two inches and a half, the diametci of the optic pencil will be fiom 3| to 8‘- of an iiicii, 
which exceeds tho natuial diametci of the pupil m day light, taken at two-tenths only, thei <*- 
foic, to give such telescope its full effect, the value of a must be incieased, but must not bo as¬ 


sumed, even in the daik, to exceed 



, nor m tins instance to be less, we may then put 


<3t “-01 


^ and a? = .853 foi thiee lefi actions, and we shall have 0,4(i 


78 'a 

01 7 *39 foi the space-penetiating powei, winch aie lespectively but little shoit of the inagnily- 
ing powei s. 

8, Fiom the vauous examples given by Su William Hcischel foi illustialmg the distinction 
between magnifying powei, and that species of powci which we aie now considcuiig, wo will 
take his obseivations on the nebula between ^ and ^ Ophutclii, discovcied by Messiei in 17()‘I<, 
with a ten-feet leflcctor, having a magnifying powei of S50, and a space-penctiatuig powei 

— ^ ~ = 28 ,67 His note is, “ May 3,1733 I see sevcial in it, and make 

2 

no doubt a highei powei and moie light will lesolve it all into stais. Tins seems to me a good 
nebula foi the pm pose of establishing the connection between nebulee and clustcis of stars ui 
geneial " 

“ June IS, 1734. The same nebula viewed with a laige Newtonian twenty-feet leflcctoi, 

43 X CI88‘-2r) 


penetrating powei ^ 


2 


61.18, and a magnifying powei of 157, a veiy 


laige and veiy blight clustei of excessively compiessed stais The stais aic but just visible, 
and aie of unequal magnitudes the large stais are led, and the clustei is a mimatuie oi that 
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Real FlarastcocVs foity second Coratc Beienices, light ascension 17" G” 3^*, polar distance 
108* 18'.” 

Ileio ii pcnoliating powci of about twenty-nine, with a magnifying powci of 250, would 
baiely show a few stais, when in the second msli ament, the fiist powci of sixty, with the se-i 
cond of only 157* showed them completely. 

9. Subsequently to the dato of the lattoi obscivation the twenty-feet Newtonian telescope 
was convcitcd into an Ilcischolun instinmcnt by talcing away the small spcciilinn, and giving 
the laige one the jnopei inclination loi obtaining the fiont viow, by which altciation the powci 
in question was impiovcd fioin si\ty-onc to seventy-five, and the advantage doiivod fioin the 
alteiation was evident, in the discoveiy of the satellites ol the Gcoigian planetb y the altcicd 
telescope, which befoic was incompetent on the scoio of pcnctiation, 

“ Maich ld<, J798, I viewed the Geoigian planet with a now tweniy-fivc-fect icficctoi. 

Its penctiating power ^ = 95.8.5, and having just bcfoic also viewed it with niy 

/I 

twenty loot instinmcnt, I found, that with mi equal magnifying jiowei of 390, tho twenty five- 
feet telescope had considci ably the advautiigc of tho foi inci.” Fi om this account wc might 
be led to infoi, that the diircicncc of the pcr/oiniance might depend on the latio of the lengths 
of the lespcctivo telescopes, but when m’c cxanuiio the Ibimulm, wc shall find that tho .apei- 
tiiics ddfeicd in tho piopoition of 18 .8 24 Again, the following quotations will show the 
siipciioi power of the foity-fcct telescope as compaied vvitli tho twcnly-focl iiistruraenL 

“ Feb. 2d'. 1780. I viewed the nebula near Flamsteed’s fifth Scipontis, with my twenty- 
feet icflecloi, magnifying powci 157. 'I'hc most beautiful cxiiomely compiessod cliisior of 
small .staisj the gioatcst pait ol them gatbcied togethci into one bulliant nucleus, evidently 
consisting of stnis, sinionndod with many detached gatheiing slais of the same sivo and coloui. 
11 A. 15" 7“' 12', F. 1). 87* 8'.” 

" May 27, 1791. I viewed the same object with my foity-feoL telescope, pcnotiating 
powci = 191.09, magnifying power 370. A bean I if ul cl ustoi of stais. I count- 

/if 

cd about 200 of them. '^I’lio middle of it is so compressed, fliat it is impossible to distinguish 
the stais.” 

“ Nov. 5, 1791. I viewed iSatuin with iho twenty and foilyinfect telescopes. 

“ Twcnly-fect. The fillh .satellite of Satiun is vciy small. Tho fust, second, thud, 
fouith, and fifth, and tho new sixth sttlellitcs me m then calculated places. 

“Foity feet, I see tho new sixth satellite much hettei with this insti ument than with 
the twenty-fcct The fiflh is also much latgci here than 111 the twonty-feel, in which it was 
ncaily the same si.<o as a small fixed star, but here it is considciably hugoi than that stai.” 

10. These examples, and vaiious otlicis that aiC|Containcd in the 90th Volume of the 
Philosophical Tiansactions of London, 1800, to which oui loadeis may tuin, explain sufTici- 
ently tho naluio and extent of that species of powei that one telescope possesses over anothei, 
by viiluo of its enlaiged apeitiuc, but the exact quantity of this powci must always be in .a 
ceitain degice unccitain, while some of tlie elements of compulation, that entei intd the gcnc- 
1 al foiinula, lemain impcifeclly determined. 
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11. The authoi's distinction between intrinsic and absolute bughtness, will piobably bo 
moie intelligible to geneial leadeis, if we substitute the teims intensity (pi density) undi quantity 
of light, the lattei of winch is that which affects the -visibility of a luminous object seen at ii 
distance. The intensity of light on the letina will be the same in the unassisted eyo, as when 
a telescope is used, if allowance be made foi the loss in leflection oi tunaini&sion, as has been 
pioved by La Giange ift one of the volumes of the Meinons of the Beilm Academy, foi the 

Ax 

whole quantity of light admitted into the eye will be expicssed by — agieeably to what wc 

d 

before said on this subject (§ IV 20«), and the pimciple on which the lincai magnifying 

A 

poweis IS obtained by the dynametei (§ XI 1.) is —, and consequently the powci of magnity- 

w 

lug the area of a pictuie will be also --, but the znienstty of telescopic light is the whole 

fit 

quantity divided by the supeificial magnifying powei, winch theicfoie is =: 1 Su William 
Heischel has a note in p 79* of his papei, that explains his meaning thus 

12. “ The mean intihisic biightness, oi latjicr illumination of a point of the pieluie on 
the ictina, will be all the light that Jails on the pictute^ divided by the number qf its points; or 

C = .£ Now, since with a gieatei magnifying powei w, the nmnbei of points N incicaaos at 
the squaies of the powei, the expiession foi the intunsic bughtness ^ will decicasc in the same 
latio, and it will consequently be in geneial N cum') and I ot-i , that is, by coinpoiuuU 


ilig C N 1, oi absolute bughtness a given quantity 

13. We may now sum up the doctiines of Su William Heischel on this subject in the fol¬ 
lowing epitome He maintained that the visibility of an object is piopoitioned to the quantity 
of light that paints its image on the letina, which he has called absolute bughtness. And since 
the quantity of light leceived by an eye oi telescope fioin a distant object, is in the invciso la- 
tio of the squaie of that distance, when the same visibility is lequncd at a gicatci distance by 
means of a telescope, it is nepcssaiy that the quantity of light should bo inci eased in the duect 
latio of the squaie of that distance foi then a telescope will have the powei of showing an ob¬ 
ject equally cleai at a gieat distance, as the eye will see it at a shoit one, piovided that the 
squaie loot of the quantity of light leceived by the telescope, be in the same piopoition to that 
leceived by the eye, as the gieatei distance is to the less Tins powei is called the space.pene^ 
ttaiing powei, as coinpaied with that of the naked eye, and when put into an algebiaic cx- 

prcssion, is lepicsented by the foimulaiabove given, viz. ^^when theic aic two re¬ 
flections, as in the Newtonian, Cassegiaiman, and Giegoiian constiuctions, but in the Her* 

scbelian, whetc ft = 0, the foi inula becomes oi s/~ ., 

a a 

14<. The most pioper objects foi piovmg the poweis of a telescope, aie Satuin's iing and 
satellites, the Geoigian satellites, the double stais of the fiist and second classes of Su W. Her- 
schel, and the vauous nebulae. 
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^ xvni AN HISTORICAL ACCOUNT OP THE DIFFERENT METHODS OP MEASURING SMALL 

CELESTIAL ARCS 

1 . Tiil division of the ciicle, or of a qiiadiant, into such minute parts as will indicate the small¬ 
est denomination of the^exagcsimal noUlion, has novel been attempted on the limbs even of the 
laigcst instiuments, but a gicat vaiioty of contiivmiccs have been devised foi subdividing the 
fi actional pai L of n degi cc into its suboi dinatc pai ts, winch it will be the pin poso of tins section 
to cnuinciate, in oidei that each kind of micioinolucal mcasuicmcnl may aftoi wauls be paili* 
culaily described and explained 

0. Tlie fiist poison who divided the spheic into zones was llio father of the Giock philoso¬ 
phy, Thales, who about six luindiod ycais hofoic the Chiislian cia, intioducod the five iinnginmy 
ciiclos which still icinaiu on oiu globes, namely, the nictic and antaictic ciieles, the two liopics, 
and the cquatoi, so that ho must have obsci ved the gi catost and least mciiduui altitudes of the Sun, 
ns well as Ins diamctei. Those ciiclos were inoio fully explained by his disciplo AnaMmandcr, 
and about a ccntiuy aftciwaids Anaxagoias wioto his hook “On the Qniulintiuc ol the Cu* 
clc.” Tiom these cncnmstanccs, and fioin the coilsideialion that Thales had dcteunincd the 
appaicnt diameter of the Sun to bo half a degi'ee, it is moio than piobahle that tiio circle was 
divided into quadrants, and the quadinnt into 90®, long bofoic the nstiolabc was invontocl, 

‘1. The astiolabe of Ilippaiclnis was an nimlllaiy sjihcio bottci calculated for explaining 
than obseivmg the places of the heavenly bodies, but that of Ptolemy was aplanisphcic moio 
adapted foi tlie pm poso of ohsoiving the licavonly bodies, and his ohscivalions made fhoicwith 
ailoidcd data foi the composition of his Almage^l, oi Gieat Si/nUtA' but the small radius of the 
asUolahos did not admit of very small subdivisions, and it does not appear that any plan foi 
lessoning the spaces of the subdivisions was allompti'd m the eiuly ages ofastionomy. 

4'. Dclambio (J’Aslronomir Anctenm, 'J’omo I. pi 09Oi) was of opinion, that Ilippfli- 
chus composed his catalogue of the stais in longitudes and latitudes, which could only bo do- 
iivcd fioin the use of the sphcie, and Ptolemy found, fiom a compaiison of'his own catalogue 
with that of Ilippaichus, that the longitudes had vaiicd in the inteivnl about 2“ while, as he 
supposed, he found the latitudes lemainiiig constant. IIipi>niclms howovci, in his Commentmy 
on Aiatns, speaks only of light ascensions, whence Dclambio concludes, that ho changed liis 
mode of obsciving and of rcgisleung his slais, after n movement in longitude had been disco- 
veied. This discovciy in itself shows that the degree was a dctoimined quantity, and also that 
07ie ditul of it was appiccialcd, eithoi by estimation or division, at tlintpoiiod. 

5 Wc have scaicely any lecoids transmitted to us duiing the fouitecn ccniiuios of daik- 
iicss 111 which the sciences wcic obscuicd, that thiow any light on the subject of astionoimcal 
obsci vatioiis, except that the Aiabic numerals found then way into England about 1133, wheie 
they wcic liist ohspivod engraved on a chimney piece at Ilclmdon in the county of NoiUiainp- 
lon. This occiiuenco, tiifling as it may seem, affoidcd notwilhstanding tlio means of deci- 
pheiing what had been done and lecouled by the Eastern nations, and the tables composed in 
tliose numcials have piovidontially become the common language of aslionoray, as well as of 
comnaeice, in all nations. 
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6 In the yeai 1486, John Mullei, bettei known by the appellation of Ilcgiomont.um&, 
fiom his biiih-place in Fiance, having by some means obtained a copy oi Ptolemy’s Ahmigest, 
and having been instiucted m the doctiine of the spheie at Leipsic and Vienna, was detci- 
mincd lo acquiie a knowledge of the Gieelc language, that ho might undeisland the conteiUi 
of this astionomical woik, which study eventually led to his contiiving astionomicaliiistiuments 
that he might tread in the path of his lemote piedecessoi in this bianch ol the sciences This 
learned and ingenious cultivaloi of science, assisted by Bcinaid Walthci, and othei mechanical 
geniuses, constiiictcd diffeient instiumcnts which aie clesciibed in a posthumous lieatiso of liis, 
preseivcd m the Biitish Museum, and entitled '‘Scnpla clanssimt Malhemaltci M Jocmnis Ra* 
giomoniant de Torqusto, Ash olabio amtlhi i, Reguld inagnd JPtolemaicdf Baculoque Ash omo«i/co,” 
&c. (fol. Nuiembeigh, 1544). The icgnla we undcistand was made of tin, foi the puipost* of 
taking the altitudes of the Sun and Moon, but it is difficult to say what was the mode of apply¬ 
ing the giiuluations, oi indeed what was the shape oi size of this instiumcnt, the Baculuni 
Astionomicum was a lectangular oi astionomical ladius, piobably the piototypo of tlie cioss- 
staff, by means of which the angulai distances between the planets weic measuied. The Tor- 
quetum was a species of poitable equatoiial, desciibed by Appian in his Inhodiiotio GVog'iw- 

etc and also by Badly in his Ashojiomie Modeme", but the accounts fallshoitof 
satisfying oui wishes, as to the piecise natme of the measuies affoided by those instiiuncnls. 

7. We have passed ovei the Chinese and Egyptian methods of obscivmg the heavenly 
bodies, as having inoic of antiqiiily thanaccuiacy to lecommend them, and as being thoiefbic 
not within oui piiiposc. 

8 We find the astiolabe still used by Copeinicus two centuiies and a half aftci the linio 
of Regiomontanus, but not finding it competent to the collection of the tables of Ptolemy luul 
Alphonsus, with which he had icason to be dissatisfied, this Piussian astionomci dclci mint'd to 
eiect a quadrant, and to fix it in the meiidian line at Thom, wheiewcmay cousequciilly fi\ tliu 
fiist legulai obsoivatoiy. We legiet that we cannot give the dimensions of this quadiaiit, but 
the altitude of the Sun was taken by it with consideiable coinpaiative accuiacy, by the shadow 
of a pm inseited into the centie ofthcgiadiiated limb, affoiding a pioofj that the .subdivisions 
of the degiee weie yet in a lude state. But the olhei heavenly bodies, except the moon, nffoul 
no sliadow, and theiefoie then altitudes could not be taken with the quadianl without some soil 
of appaiatus foi affoidmg sights to be taken This defect, and also the limited laduis of the 
quadiant, weie supplied by the constiuction of a paiallactic quadrant of fii, the ladius of wliicli 
was extended, accoiding to Ben Maitin, to foui cubits, the quadiantal aic of which was di¬ 


vided into 1414 equal parte, so that each division must have contained 
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of sexagesimal ineasuie. This is probably the fiist appioximation towaids a ical miciometiical 
measiuement of a small celestial aic, and the huge dimensions of this mechanical contiivunco, 
contiastod with the diminutive size of any of oiu pocket micioraeteis, as now applied to a tele¬ 
scope to deteimme single seconds, affoida staking pioof of the vast iinpiovement that has 
taken place in the ait of constiucting astionomical mstiuments 

9 The next step towaids attaining the giand desideiatum of measunng very small aics on 
the limb of an mstiument i^as attempted, and in a ceitain degiee accomplished, by the cclc* 
biated Danish astionomei, Tycho Biahe, who was bom 73 yeais afloi Copernicus, and il he 
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had confined himself to making astionoimcal obsoivations, his name would have boon placed 
high 111 the annals of astiononiy. That he might not be intciiuptcd in his lavouiitD pin suit, he 
availed himself of the munificence of his sovcieign, and bmlt himself a piinceljrobseivatoiy on 
tlie Isle of Iliien, in the Hound, whicli he called Uiamenlniigh, oi Uianiboiug (Castle of the 
Heavens), his aiuval on the island was on the 8 lh of Aiigiisl, 1570, and he expended SOOOOO 
ii\ dollais in the constinction and fitting up of Ins building, exclusive of his doUiclied house, 
called Stieinboig, oi Mountain of the ,Stais, one half of which suin^was supplied by Fiedciic 
II In this sumptuous leticat Biahc conlmned lus obsci vations for twenty years, until a pen¬ 
sion, which the king hadgianlcd him, was witluliawn, aftei which he iclued to lhaguc, wlicio 
he dedicated a woilc on aslionomy to llodolph II. lie was the autlioi of scvcial woiks, but 
Ins llodolphmc Tables, his Catalogue of 1000 Htais, both published by his friend Keplci, his 
Aslt miomiw Imianuilm Mcchrmica, See, and Ins Htslona CivlesUs, aio chiefly tlioso in which 
astionomciscan now have an intciest. T'ho autlioi has descubed in h\'^ Medmnea'lowx puncipal 
instillments by the names of Jtmtllfr, Zodiacahi^, and F.qmlonn', which seem to have been 
complete cucles, the diametois of which vaued fioin fom and a half to ten foul m duiinelei 
The giadiiation of those cuclos, winch is oiu jnosont object of iiujiiiiy, is said to have been into 
degiccs and 10 ' spaces, like most of our liiigci modern instiiimcnls; and the subdivision of the 
10 ' spaces was effected by tiiangular diagonals to the accuracy of fifteen, and even of ten 
seconds m the hugest instuuncni. IIcic then we have a lapul advance in thoprogioss tow.uds 
accuiacy, fiom <T 49 ". 187 to 10 ", and it might bo 8 uppo.sod that little was then left to bo 
accomplished by modeln iinpiovcments 5 but though little, vvlmt yet remained to bo done was 
iinpoiUnt, .IS wo sludl see when wo come to cMinnno tlic icccnt contests among puicUcal astio- 
nomois about splitting lliesecond, and Iho vsuums means omployed to cusuie the scaiccly-dis- 
ceimblo diffeiences that modem lefmemont m the cousUuelion and use of insliumcnts has 
efibcled, together svitli the miiiuto quantities now intiodlicod into the foimulie foi computing 
the eoiiecUojis. Tycho, as might be expected fioin lus insliluncnts, discovcicd the icfiaction 
of the lays of ligh) m p.issing thiough the atmospheio. 

10 . As Petei Nunez;, 01 Nonius, an eminent Poiliigucse innthoinalicuiii and physicuin, 
died at 80 yeais of ago in the yo.u I.'l77» b(J must have been contcmpoiaiy with Tycho lhahe, 
and was the contuvei of a ceilam inotliod of subdividing the aic of a circle winch must 
have been known to him. Nonius m Ins book Dc Q epim ula, explains lus inctliod as 
consisting of 4.^ conccntnc cuclos descubed on the limb of his quadiant, the outcimost 
of which was divided into 90 , the next into 89 divisions, and so on till the mnoimoat 
was divided into 46 only, each aic having one division loss than the next Inigci } then 
when the edge of the index lostcd on any paiticular half of a degree on the limb, it would 
nccessaiily he ovei some dividing stiokc in one of the conccntnc ciicles,aiuU!uis point out what 
fiactional pait of the h.ilf degice ought to be added to the numbci of degrees and' halves shown 

on the giaduated limb, vu, whollici ^, iZ, 010 ^, &c. of .OO would be the additional quantity 

But as theic aie mmpyime inimbcis among the 45 cuclos to be divided, it was found difliculL 
to divide them coirectly, and in 1573 Thomas Digges published his Ticatiso in London, called 
AI 0 seu Sccilas MalJiemaUcce, winch was consuloicd as the invention of one Ilichaid Chanselei 
In this tieatise the diagonal scale was lecommcndcd m preference to that of Nonius, which fiom 
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that tune it superseded, and it is moie than piobable that Tycho Biahe availed hiinscll' of 
Digges’s scale, as its desciiption was published thiee yeais befoie the obseivatoiy at Ilucn was 
elected. 

11. As yet the use of a telescope had not been practised in making astionoinical obseiva- 
tions, and we need not theiefore point out to the leadei how supeifluous nice divisions on the 
limb of an instiument must have been, when the obseivations in altitude wcie made by the un¬ 
assisted eye if Tycho Byihe had been master of a good telescope of modem constiuctiou, his 
obseivations would have been a tieasuie, as constituting a i emote standaid of compaiison with 
obseivations of leccnt date, and in this lespect would have had the advantage ovoi Biadloy’s. 
The fiist authentic notice that we have of the use of a telescope in astionomy, is the account that 
IS given ofthesolai spots having been discoveied by Galileo and Haiiiot in the ycai iGlO, .uul 
the jBo5« Uisma of the Jesuit Schemer contains .t minute description, with engiavingsof a gioat 
vaiiety of the solai spots taken by him in l6ll and subsequent years at Eome, by the aid of a 
telescope mounted on a polai axis, which obseivations, in the opinion of Riccioli, Des Ciutcs, 
and Ilevclius, weie asaccuiateas could be desiied, and weie published m one volume folio, in 
the year 1630. It does nothowevei appeal that Scheinei had any method of mcasuiing the 
sizes and lelative situations of the spots on the sun’s face} foi had this been the case, his hibouis 
wopld have been moie peimanently useful, as objects of lefeience in subsequent ages But 
when the telescope had been once successfully pointed to the heavens, it was not long befoio a 
miciomctei was invented and applied to the eye-piece, to subdivide the field of view into ]>ro- 
poitional paits. This invention intioduced a new mode of measuung small aics, which exceeded 
evoiy other that had pieceded it, both m facility of application and m accuiacy, though the ic- 
fi acting telescope was at fiist made of a troublesome length, 

Ig Monsieur Auzout, aPienchmaii, has geneially been asseited to have been the fiist in¬ 
ventor of a inicrometei, in the yeai 1666, but Costaid has shewn that the honoui of the inven¬ 
tion IS due to an Englishman of the name of Gascoigne, who fell in the civil wat neai Yoik, in 
the yeai l644i a lettci on the subject wiitten by the inventoi himself is said to be picsci ved in 
the libiaiy of the Eail of Macclesfield. 

13. Costaid has not given any othei notice than of the existence of Gascoigne’s miciomc¬ 
tei, which we have said was the fiist we have on iccoid, but Richaid Townley has given an 
account of it, in one of the eaily paits of the Philosophical Tiansactions of London (No. G5. 
p 4.57 May 1667» and Vol. I. Abaci, p. gg5), in which he says he had it impioved by an in¬ 
genious watchmakei. Gascoigne, says the wutei, not only devised an instiument, bcfoic the 
civil wais, of as gieat a power as M. Auzout’s, “but had also foi some yotus made use of it} 
not only foi taking the diaraeteis of tiie planets, and distances upon land, but had fuithei on- 
dcavouied, out of its pieciseness, to gathci many ceitaintics in the heavens; amongst whicli I 
shall only mcSntion one, viz thQ finding the moon’s distance, fiom two obseivations of her hoii* 
zontal and meiidianal diameteisj which I the lathei mention, because i\\Q French astronomer 
|^Picard?3 esteems himself the first that took any such notice, as theieby to settle the inpon’s 
paiallax.” This instrument, continues the wiitei, “is small, not exceeding in wciglit, nor 
much in bigness, an 01 dinary pocket watch [of that peiiod], exactly maiking above 40000 divi¬ 
sions in a foot, by the help of two indexes; the one shewing hunch eds of divisions, the other 
the divisions of the hundred, every la^t division of my small one containing ^ of an inch, and 
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that so piccisely, tliat as I use it, ilicie goes []go] about clivibions to a second.” Di. Hooke 
lias given a dcsciiption of this iinciouiotei with an engraving, in the woik above lefeued to 
(No 29 p 510. Nov IGC 7 , ami Lowthoip’s Tians Abaci Vol 1. p. 226), which is in sub¬ 
stance this a small cyhndei lies acioss the cyc-tiibe of a telescope, and has one thud of its 
length cut into a fine scicw, and the icmainiiig two thuds into a coarsei sciew of half the num- 
bei of tliieads pci inch, then, as this cyhndei is confined to its place at both ends, and has one 
bai connected with the fine scicw and aiiothei with the coaiso sciew, which b.us aic grooved 
into each othei like the mamiei of a sliding lulc, it is easy to conceive that, if two sights 01 
pieces of metal, with stiait edges adjusted for paiallchsm, aie lespectivcly itiaclo fast to the 
scpaiatc bais, a tniii given to the common iiiboi of the scicws will move the said bais 
with diflciciit velocities, so as to sepaiato the edges of the sights by this dificionco, gia- 
diially as the scicws 1 evolve", and the indc^ anti face conncclccl with the arboi will mdicatc the 
pails of HI evolution, while the giadiialed hai, ivctiiatcd by the coai sc scicw, shows thcnumbci 
of 1 evolutions at any time poifoimed. Aiiolliei oflicc of the fine sciew is, to keep the middle 
point of the opening, between the sepaialing sights, in the Imc of collimatioii of the telescope 
at all limes, wliatcvoi tliat opening may be, winch it docs veiy correctly, foi while the coaiso 
SCICW moves one sight fiom the othci considered as stationary, the fine scicw moves ilicin both, 
togcllioi With the whole fiamo, m a coiUiary direction with 0110 half of the velocity, in conse¬ 
quence of the bai to which its female sciew is attached being fixed fust to the lube of the 
telescope. Di. Hooke proposed howevei to substitute hairs foi the stiait edges of two plates, 
and no doubt adopted this coiisliuction m Ins xcniLh sector, with which he piofesscd to inea- 
suic Single seconds, when disputing with IIcvcliiis. Tins iniciomctor of Gascoigne scorns to 
possess all the qualities ncccssaiy foi piodncing good measuios, and may be consuleicd ns the 
prololtjpe ofoui best spulci’s-line miciomctcis, which have the advantage of delicacy ofstiuc- 
tiirc and good woikmanship, but not of self adjustment for colliination. With icspcct to its 
piioiity, Dr, Bevis lefcrs to an ouginal Icttci of Gascoigne, addressed to Mr, Ouglitied, written 
in iGi-O-l, (Phil. I'nins. Vol. XLVIII. p. 190 .) in winch arc contained several curious observa¬ 
tions made by bun on the diameters of the moon and planets. and Flamsteed informs us m ins 
1^)olegomena (p. 95 of Vol. Ill of his llisloiia Coolcstis,) that the invcutoi measured the dm- 
meteis of the Sun and Moon, and the intcriniiUial distances of the stars in Pleiades, by his mi- 
ciomctei in August 1040} and also that the inipiovemcnt which Townley made, was the stihsli- 
tution of one scicw foi the two which at fiisl weio used. The miciomelor was aftcrwaids given 
to Idamstecd himself and used at Dciby, with 15 anti 7 feet telescopes, in the ycais 1671, 

IG 73 , and 1674 , and was bioiight with him on his appointment to Gi conwicli. A more compiex 
miciometci, with two separate screws, is dcscubed in Di. llccs's Cyclopoodia, anti icpresontctl 
in Fig, 7 , of Plato X. of Optics, which mcasuies in a similai maniiei. Aiizout's micrometer 
was used by himself and Picaid, and is stated to have had the pioperty of dividing a foot 
into 24000 01 SOOOO parts (Phil. Trans. No. 21 , p 87 S, Jan. IGGG.), and in this respect must 
have been infeiior to Gascoigne’s, as dcscubed by Di. Hooke. 

14. Dg la Hue has asserted (Royal Academy of Sciences, 1717)» that the woikl is in¬ 
debted to Huygens, who certainly was competent to any invention of this soil, foi the first 


* It lit on this pnncipio that Mr. Barton’s wncltuio porfarms its boftutifui divisions. 
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mic) ometiical inea?uies of the planets, and that the insti ument he used was a mtgicla, oi ta- 
peiing piece of inetal, inteiposcd in the common focus of the eye-lens and objccL-glass, which 
would consequently covei the diainctei of the planet, and, hy sliding foi wauls acioss the tube, 
might be made an exact mcasuie. His obseivations on Saturn’s Ring weie thus made in 1659, 
and consequently befoie Auzout bad published his account of a miciometei, but not bofoio 
Gascoigne had constiucted and used his. Dr. Hooke had two oi thieeothei ways of mea- 
sining the dumeleis of the planets to the acciiiacy of a second, mentioned in the Philosophical 
Transactions in May I6G7, and desciibcd in his posthumous woiks, p 497, &c. which wc have 
not at present befoie us. 

15. With respect to the tapeiing plates of Huygens, Sii Isaac Newton has obscivcd, that 
the measiiies taken hy them aie somewhat biggei than they ought to be, foi that all lucid 
bodies seen upon dark ones appeal laigei than they leally aic, and on theconliaiy, all opaque 
bodies seen upon blight ones appeal smallei, which illusion has been confiimcd by the mcasuie 
of Meicuiy’s diametei, obseived upon and at a distance fiom the sun But, as Di Smith has 
obseived, this eiioi may be avoided by using long tapeiing openings cut in biass plates, 01 by 
foimmg long tiiangles of bans in a fiame that will slide tlnough oblong openings made in the 
sides of the cyc-tube. Hence we find that Cassini used the squaie divided into foiu sinallci 
squaies, and twice bisected diagonally by a pan of bans , and his method of applying this figui e 
to the observation of eclipses is seen in No 236 of the Philosophical Tiansaclions. Di. Smith 
obseives, that this is the best method of obseivmg the places of Meicuiy and Venus, 01 of 
any of the planets and comets wdieu neai the Sun And Di Halley (Phil. Tians. No. S63.), 
speaking of the accniacy of this way of obseivmg, says, “that he himself was piosent when 
Di Pound and lus nephew Mi Bradley didthis way demonstrate the extieme minuteness of 
the Sun’s paiallax so exactly, that upon many lepeated tiials it was not moio than 12", noi less 
than 9“ ” It may be woithy of lemaik heie, that as the modem wiic miciomcteis wcie do- 
lived fiom Gascoigne’s model, with but slight alteiations, so the modern Continental method 
of obseivmg the paths of the new comets has been boilowed fiom Cassini's plan, in some 
form 01 othei, that makes the decimation depend on the tune of passage tlnough the lunited 
field of view, by the assistance of computation. 

16. When additional optical powei had been supplied to the human eye by the use of the 
telescope, the subdivisions on the limb of an instiument weie no loiigei too minute to exceed 
in accuiacy the ciiois of obseivation, which was the case with Tycho Biahe’s insliuments 
hence it was natuial to expect that some fuithei impiovemeut should lake place in the known 
methods of subdividing andicaduig the quantities measnied by thcgiaduatedaic of a ciiclc, foi 
though the micioinetei would measuie a small aic veiy coirectly, such fbi instance as that 
subtended by the diametei of a planet, 01 by aline connecting two slais seen both at the same 
time in the field of the telescope, yet tins mstuimeiit could not deteimine the point in the 
heavens wlicic the raeasiued aic, 01 line substituted foi asmallaic,is situated, without the aid 
of a laigei giaduatcd aic, that would lefei the said small aic to some known point, as the pole, 

the Iioiizon, 01 zenith, 01 at least to some paiallel indicated by the passage of a known stai 
Hence in 1631, the next yeai aftei the publication of the Mosa Ursina, Petci Veinici, of 
Blanche Coint6, published his account of anew quadiant, to which was applied the scale still 
designated by the inventoi’s name, and still used with small instiuments, and even with the 
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laigei modem iustmracnl& of the Geiiuan constiuclion. Ilcncowo see that the scale boiuing 
the name of Nonius, winch is often impiopcily confoiiuclod wUli the Vciiuei, piecedod it by 
about half a ceutiuy, and is quite a diflbiont coiiliivaiice. We have at inesout bofoic us an old 
leflecting octant, and also a foic-stali; both giadualed accouhng to the method of Diggos, tho 
intoisections oi subdivisions of which aie iiulicatt’d by the JiHiccial edge, as it has been called, 
of the index they icad to single minutes only. In tho ycai ibfl'I, an ingenious loicign woik- 
man, Joannes I'ciieiius, (John h’ciipis?) coutiued a method of indicating the subdivisions of 
the dcgiccol aciiculai aic, by the inIcisection of cuivod hues, lending towaids the contial part 
of the uistiumcnt, with stiaight linos diawn iioin the cpntic of the divided aic, by means of 
which single mimiles might bo lead, but this contuvance ucvci gained the jirofcicnee over the 
diagonal scale of Diggos, much less ovci tlic Veiimn. 'L’lio desciiption ol (his mode of subdi 
vuliiig has been given by John Baptist Moiiei, lloguiH Piolessoi o( Mathematics at Pans, who 
died in Noveinboi 1()/J6 

17. Wc have now aiiivod at a peiiod which consliUiles a leniiukable epoch 111 the lustoiy 
of science, and paiUouhnly of puictical astionoiuy In Ihc yoai IfKK) King Chinlos 11, founded 
the Royal Society, and 111 the same yeai Ilnygcns intiodiiced into Englinid his method of giuid- 
mg and polishing lenses. In Kiyo the lloyal ObscivaUuy at Pans was begun, and (hissim 
appointed to supeiintciid it, and on tho 10th of August 1075 the (list stono was laid ol llio lloyal 
Obseivatoiy at Giocnwich, tho appointment towhicli was foitiiniitoly given to Plamsleedin the 
following yeai. The coinincnccmcnt of these noblo institutions dcmniulod ti supply of instrii» 
ments, suitable foi ellectmg a systematic siuvoy of (ho heavens by men of tho fiist-mto talents. 
Bcfoie this time (m IGC8) lleveliiis of Dant/ic had publi.shed ImComelo^i aphUt^ that led to his 
contest with Di. Hooke, icspectmg the eompamtivtS mciils ol'jilain and telescopic sights, which 
contest lemaiiis a standing piool of the looted i>iojiidice, winch a puitiul view of a suhjcct may 
excite in the human mind, oven m mattcis which admit of positive piool l)i. Ilookc conlcnd- 
ed that Ilevoluis could not moasnie a small arc m the lietivens by means of plain sights to a 
gicatei acciuacy than one minute, wlici oas he could detci mine, by moans ol' a telescope furnished 
with a miciomctcr, a similai aic within a single second, and yet tho dispute teuninntcd with the 
public opinion in favoui of plain sights! Rvcii l)i. Jiinn has spoken lavoiuably of IIcvoliiis's 
pioteiisions, in lus Kssay on Distinct and Indistinct Vision. Di. Hooke, it Is wcdl known, had a 
zenith sccloi at Giesluini college, of thiity-six feel focal length, winch liad a imciomclcr con¬ 
stituting apaitofils eyO'piece, that would no doubt bo capable of peifoiimng the work above 
attiibuted to it 

18. The Jirst mstniments that weic fixed up at Gieenwtth, wore a laigc sector 01 sextant, 
constuicled by Flamsteed hnnsclf, in conjunction with Ins assistant j\biuham Sharp, and an 
aicli fiiraly .attached to a wall, which had its face in the plane of the mondiaii, ivhonce it was 
denominated nmutal atcJi. Tins instinmcnt was constiucted (oi taking botli light ascensions 
.vnd declinations, aftci the models of Tycho Bialic and Hcvelinsj but the ait of dividing w.is 
then m a lude state, and tho work pciformed by those inslinments is not now consideied 
accuiate 

19 . As if Piovidcnce had taken especial caie to fuiaisli Greenwich with the moans ol 
accomplishing the giand object of its now institution, Gooigc Giaham came into the wmid in an 
obscuie village in Ciimbeiland (ICiik-hnton), in the veiy yeai that piodiiccd the fabiic for a 
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national obseivatory iii Knglandj and the muial quadiant, ’which was the piodiicc of his ingc* 
niuty and labour^ togetliei with his sectoi, pendiiliiin, and dead-beat-escapement, may bo said 
to have contributed tnoie to the advancement of piactical astionomy, than all that had been 
done before him* Dr. Smith has given a paiticiilar desciiption of Giaham^s qiiadiant, made 
foi the use of Dr* Halley, and the leadei who has not seen it may foim an opinion of its powcis, 
by being infouned that two concentuc aics are giaduated, one stiuclc with a radius of 96.85 
inches, and the other of 95,8 \ the innei one is divided into 90 degiees, and each degiec into 
13 parts, or into 5' spaces, by a method that exhibited great ingenuity. (See Graouazton in 
Du Reeses Cyclopedia, and in Di. Biewstei’s Encyclopaedia) The outci aic is divided 
into 96 equal paits, and each pait into 16 subdivisions, so that each subdivision contains the 

QO® 

mcasuie of 3' SO" .9375, oi The vemiei of the arc of 90° reads ^ of 5' oi 30", and 

the veimei of the second aic of 96 parts reads of 3' 50" 9375, or 13" 1835975, when the 
comcrdence of some stroke on tire vernier plate is not exact with any stroke on the limb, the 
remainder of the seconds are taken by estimation This quadiant is fixed on tlie casloi n 
side of the meiidian wall at Gieenwich, and was adjusted by Di. Halley, by the aid of a plumb 
line alone , but in Di. Bradley’s time the zenith sectoi, which will be desciibed in its place, 
atfoided the better means of obtaining the zeio of the divisions, and the catalogues of Doctois 

Biadley and Maskelyiic will bcai lestiinoiiy to the skill of the ingenious aitist, so fai as the 
southeia stais aic concerned. 

20. When the English Goveinment fixed on the celebiated Bud to make a second quaduiiil, 
to be placed on the opposite side of the same wall, and to look towaids the noith, that the 
noilhern stais might also he obseived, he constiacted it of biass, to avoid the effects of unequal 
expansion, to which Giaham’s quadiant was liable, fiom its lunb being composed of two nictnls, 
non and brass, pinned together ^ and also made the tangent screw of slow motion tiic moasiiie 
of the additional quantity of seconds, not exactly indicated by the veiniei, as Jciomuh Hissoii 
had done pioviously, in his laigc muial aich, now leinaimng at Richmond obseivatory. Bud’s 
portable quadiants weie afteiwaids all fmnished with miciomotei heads loliisincasuiingsciew, 
and if the clamping appaiatus, of which it foiined a part, Iiad not been liable to get too much 
play from weai, the plan of measuiing by a compound leading nncioscopc, fiist suggested by 
the Duke de Chauhie, and adopted by Ramsden, might not have become necessary 

21 Tins new method of leading by acoinpound micioscope lendeicd the ciiois of dividing 
veiy .sensible to the eye, and at the same tune afforded the means of canying the impiovc 
incnts in tire art of dividing, m the hands of Ramsden, and subsequently of E. Tzoughlon, to 
the nc phts vJtta of peifection. The Duke do Cliaulne published two pamphlets in Eioncli, 
folio, the one explaining his new method of dividing, and the olhei giving an account of’iiis 
nucioscopic miciometei, the veiy next ycai aftei Bud Jiad published tho'nccount of his me- 
thod of dividing, which was icwaided by the Englidi Boaul of Longitiulo, and fiom the piibli- 
cations above mentioned, the date of miciometiical leadings, now genoially applied to English 
iiistuiments, may be fixed, though iinpiovcments in then constiuction and mode of application, 
have been gradually made since then fiist intioduction. Though a ciicle of two feet duunctei 
may now be giaduated to show single seconds, by the iniciometiical contuvance foi loading its 
.subdivisions, yet oui^compctitois m Germany still give the piefeience to the raoic .simple mode 



BIPPERENT METHODS OP MEASDRINe SMALL CELESTIAL ARCS 15? 

bf subdividing by the veiiuoi, which notwithstanding is much moio difliculi to lead than the 
giadualcd head of a miciometei, and is by no means so acciuatc, since something must always 
be left to estimation. 

22 The sciew micioinetei has been used m vaiious fbims, the simplest of which was the 
ling contnved by Kiichius, wiUi two opposite scicws meeting one anothci and moasiulng the 
space between by the numbci of thieads and paits of a i evolution that sepaiatod ihon ends 
fiom a state of contact to the extent of the aic mcasiucd. But m cvciy miciomctoi whcic the 
sciew IS employed, the distances and inchnatioii of its thieads aio supposed to be poifectly 
foimed, which is not always the case, a pcifoct screw being one of the most difficult achieve¬ 
ments m mechanical opciations. 

28. In Di. Biadlcy’s tune the screw imciometci had been simplified by omitting one of 
the two sciows, and by mcasuiing from a line fixed out of llio contic of the field of view, so 
that one motion only was neccssaiy 5 but it had been lulaplccl only/oi incasiumg eithci a hori¬ 
zontal 01 vcitical aic, and not an oblique one, the telescopes being at that tune veiy long and 
the cyc-tuhes moapnhie of Ini mug lonnd, that they miglit hold the weighty apjiiuatns of the 
miciomctci in a given position 5 he thcicfoie intioducod a piece of tirculai incK-woik to give 
the miciomotei plate a ciiculai motion to adapt it to any obliquity of the aic to be moasiucd, 
and Di. Smith has given an engiavccl delineation thereof, which is copied into the same plate of 
Rees’s Cyclojitedia which wo have before icfericd to. An insluunciit of Oradlcy’s con- 
stiuctiou, at piescntin 0111 possession, is much too heavy to bo used with an 01 dinaiy aclii oma- 
Uc telescope, thoiigliDi. Maskolync has thought piopor to give a desciiption of its use, ex¬ 
tracted Iroiii Biadlcy’s papcis, in'Vol. LXIL of the Philosophical Ti atisacUons oCLondon. 

24'. The miciometcis that mcasuic small .ingles by the aid of a simple telescope, have 
undeigone gloat impiovcmcnts since thou oiiginal invention. The difibicnt telescopic micio- 
inctcis that have been constuicted, may be divided into single mage^ double image, and 
bmcular micmnelers} and the vanotics of each would admit of stilUitithcr classification, if 
wo thought il ncccssaiy to dcscubo vciy mmuloly all the coiiliivanccs that have been ptiilially 
used, m conjunction with the simple telescope. Wo proposed mcicly to givo a biicf histoucnl 
account in this section of the inventions as such, and shall give the paiUcular dcsciiptions, 
m the following sections, of such micromctcis as have lecommcndecl tlicmselves to actual 
seivicein the hands of modem pinctical astionoineis 

2.'5. We have hithcito omitted menliomng tlie relicuhni or not of Roemci, the Danisli 
astionomci, who assisted Picaid^iiid Cassini in thou obscivations at Pans, but shall have occ.i- 
sion hcicaftci to speak of its use, when fixed in the focus of the eyc-piccc of a telescope Tins 
ingenious astionomcr is said to have been the fiist who suggested the constiuctiou of a double 
image micioractci about theycai 1675, hut it does not appeal ceitain, that ho cvci matuied any 
plan himself that was followed by others} but in science it is fiequenlly of gicat use meioly to 
suggest an idea that may give use to an invention. 

26 In 174'3 Saveiy communicated to the Royal Society his constiaction of a double 
image miciomclcr, which Shoit extracted fiom the minutes, and published in Vol. XLVIII. of 
the Tiansactions (1753), and Bouguex pioposcd a similai constiuction m 174'8 to be used as an 
Mtomelen The method consisted of the application of two object-lenses, placed side by side, 
von. n. 0 
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to the same tube of a telescope, which consequently foimed two images of the object vicwoil, 
and a scale was used at the common focus to measuie the distance fiom exact contact of the 
hrabs of the two suns oi moons thus foimed, which measuie depended on the distance of the 
centies of the two contiguous object-lenses. 

27. This instrument, no doubt, gave oiigin to Dollond’s object-glass iniciomctei, in winch the 
object-glass was divided into two halves, each giving a distinct image, and the distance between 
the centres of the semi-lenses being measured by a scale of equal paits, subdivided by a vciniei 
at the object end. The account of tins instiument was pubhshed as a cominunicalion also 
fiom Shoit, in the same volume of the Tiaiisactions that has just been rcfeiicd to j and its con- 
stinction will be described moie paiticulaily heieaftei. Di. Maskelyne found that the object- 
glass micioraetei was adapted foi raeasuung diameteis, 01 distances between two visible points, 
bettoi than for obtaining diifeiences of light ascension or of decimation, and he contiivcd a 
ling to hold two wires placed at right angles in the focus of the eye-piece, capable of being 
turned louiid by a button, to which visible lines any kind of measuies may bo icfeiiod, 
as to a zeio, his description of which may be found m Vol. LXI. of the said Tiansactions, I’ait 

II p. 799. 

28. The astionoinei royal, however, was not altogether satisfied with the peiformaiicc of 
the object-glass miciometer, and m I776 contiived a plan of pioducing double images by two 
wedges 01 pi isms of glass lendeied achiomatic, which werepioposed to slide along the inside ol 
the tube, so as to make its whole length a scale of the measuie. This scheme, ingenious as 
it was, does not appear to have been effectually earned into execution, having been applied 
only to a small telescope. 

29 In all probability Dr, Maskelyne’s coiitiivauce gave the hint to the Abbot Ilochoiij 
who applied a sohd piece of lock crystal, formed into a double achiomatic wedge, one of winch 
wedges possessed the propeity of producing two images by double lefiaction, while the othci 
rendered them neaily achiomatic. This mode of measiuing small angles was precisely similar 
to the one pioposed by the astionoraei loyal, though the account of it was published seventeen 
yeais afterwards 

80. Di. Biewstei's patent telescope is also made to measuie on a similai principle, whcic 
a second object-glass, divided into two halves, with then centics a little sepaiatcd fiom eacli 
othei, IS made to slide more 01 less fiom the puncipal object-glass, thereby alteiing the magiii- 
Mng powei, and at the same tune producing two images, 

81. But in oui lustoucal sketch we must not pass ovei the labouis of llainsden, the coii- 
tiivei of the dividing engines, the accuracy and utility .of whose iiistiuments of evciy dcsciip- 
tion haveboine the test of practical expeiience among the first-iate aslioiiomcis of diflbicnt 
countiies, and have only been excelled by thesupeiioi inventions and woikinanslnp of Tiough- 
ton, the specimens of both winch aie too iiumeious to be paiticulauzcd m this section 

32. Neithet shall we pass in silence over the micromctucal contiivanccs of the late emi¬ 
nent seaicbei of the heavens, Sii Wilham Hoischel, and of othei ingenious men, who have en¬ 
riched our catalogue of miciometeis by their happy inventions. Indeed tlic cncles that iiave 
lately been constiucted by instiument makeis of our own times, may be said to be miciomctn- 
pal all round then cucumfeiences, and to leave nothing raoie to be hoped foi on the score of 
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accuiacy both of coiisliaction and division j and foitunatcly the veteian. Tioughton, with a 
liberality pecuhai to himself, has put his junior artists in ftill possession of his original methods 
of constiiicting and dividing instuimcnts, that have enabled them to peipctunle his skill, and to 
pailakc of his well earned fame. 




§ XIX SPIDER’S-LINE MICROMETER 

1, Having exiilained the vaiioiis constuictions of dilTeiont telescopes, and given a brief histo- 
iical account of the methods of mcasuung celestial aics in the successive stages of pio- 
gicssive impiovemenl m piactical aslionoiny, we piococd now to dcsciibo those iiscfnl appen¬ 
dages to the telescope, which modem ai lists have ingeniously coutiivod, for mcasuung small 
aics with the utmost acciuaoy, and which have gicatly coiilubuted to the unpoitnncc of coin- 
paiativc obsciv.itions. AsUonomcis have agiecd to give the ajipollationof wicioweto' to every 
mechanical oi optical conliivancc, (hat onablcs the obscivci to subdivide a small aic nilo mi- 
milos and seconds, oi into seconds only, without icfeicnce to the local situation whom that aic 
IS situated m the colestuil sphcic. It would be an infimgcmcnt of oiu plan, to enter into a 
detailed dcscuplion of the iiido miciomotcis which aic now no longoi in use, of whicli we 
could omunoiafe scveial, exclusively of those that have boon incidentally mentioned m om 
pi Deeding section 5 but to give our loaders satisfactoiy infortnatioii on the subject, as it has 
icfcionco to existing obsciveis, it seems necossaiy to divide micrometers into three classes* 
namely, singli'-imaoh, doum r-uviAOE, and ihnocoi.aii contiivanccs, any of winch may, or may 
not, have the fuiLhci piopcityof mcasuimg aiigulai positions, accoidmgly ns a graduated 
circle 18 added oi omitted m the coiisluiction. 

2. In most of the cailiost miciomotcis the sci’ete seems to have been fixed upon as llie 
best mccli.inical mode of subdividing a fiiuall space, liisl by scpaiating the pniallel edges of 
two metallic plates, foi winch llnowucswcic afieiwaids substituted} but icceiUly spidcis' 
hues have boon inUoclucod by Troiigliton , and what was foiincily called the wire mcromclc)', 
is now denominated the ijiider’i, line min oweler, and sometimes miciomotcr, though 

these linos arc now gcnci ally used by instiumcnt-makcis, who vaiy the construction to suit paiLi- 
culai pui poses, and who have niUodiiccd conlnvances of their own, that pi oduco vaiicUcs moie 
iiomnml than real. The coiistinotion which wo pioposo to describe (list is Tioughlon’s, winch 
isiepicscnlod undci diflbicnt aspects m flguies 1, 2, and 3, of oin Plate XI, and constitutes a 
positive cye-piocc fot a icfincting, Ncwlonuin, or Ileischchan telescope . fig. 1 exhibits a hori>- 
zonlal section of this beautiful liltio insliuraent, taken m the direction of the axis of vision, 
fig. 2 shows the internal stuictiuo, when the hd of the oblong biass box is displaced} and fig. 
S gives the oxtcinal appcaiancc to an eye viewing it in the direction of the length of the tele¬ 
scope into winch it is sciewcd ni a veiticai position. In figuic 1, n 6 is a positive cyc-piecc 
containing the lenses a and h, consliucted as we have alioady explained {]§ IV. IG,] } c r/ is a 
piece of shoit tube, into which the eyo-piece slides by fiicUon, so as to be adjustable foi distinct 
vision, winch piece sciews into a biass cyhndiical box having two openings cut at tlio 
opposite sides, to admit the oblong box, shown in fig, 2, to pass through it, and to keep Us 
place by the fiiction of a dove tad, made along each side of it, which fits two pair of notches 

o 2 
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made in the open part of the cylindiical box ghis a cncle of brass lacked at the peiiphory, 
and having one of its faces giaduated into foiii qnadiants by single degiees, to be indicated by 
a single stroke made on the side of the cyhndiical box, it acts with an endless sciew w, 
seen in fig 3 , this giaduated cncle is connected with the telescope by means of the scicw t, 
fig. 1, which 18 attached to it, but as tlie sciew is held fast in its place by the two polcnccs 
a? .f, that aie sciewed to the cylindiical box, tuining the sciew makes it tiavel lound the lacked 
cncle, and thus caiiies the boxes and eye-piece into any given situation that may be icquncd, 
while the stioke of the cylindiical box points out the numbei of degiees, that at any time have 
been passed ovei in turning lound The small cncle at ?/, in fig 8, is the eye-hole in llie cap 
of the eye-piece, seen also m fig. t Tiom this shoit desciiption of the optical pait, wo pass 
now to the mechanical oi micioinetncal pait of the instiumcnt, which may be explained by a 
refeience to fig 2 the internal folks I and I aie so nicely fitted into each othei, and into the 
paiallel sides of the oblong box, that when they aie displaced by then lespectivc sciews o and 
p, which ate turned by the milled nuts m and n, seen in all the figuies, theie is not the least 
latoial shake, and as the pms q and r, that pass into suitable holes m the metallic ends ol the 
said folks, have each a spual spiing suiioundingthera, which piess the folks back in a diieclion 
opposite to the action of then sciews, theie is no sensible loss of motion, wlnchcvci way the 
sciews may lespectively turn, which is an impoitant condition in any constuiction, whcio the 
ineasuie depends on a sciew. Theie aie two spideis’ hues laid acioss the folks lospectivcly, 
one attached to the piongs of the iiinei folk I, and the othei to the piongs of the outci folk /, 
and the sciatches, in which the lines aie imbedded, at the same time insuiethe parallelism of the 
two lines, and pievent then touching as they pass ovei one anothei, oi he in appaient contact* 
"When these lines arc well placed, they appeal as one line at the position of Zcio. Some of the 
opticians make an adjustment foi the paiallelism of position, by making one of the beds or 
sciatches on the head of a sciew, which euteiing the piong admits of being tinned a little. 
The long line uinning at light angles to the small ones may be a wiie, as its only iiso is to place 
the micioinetei m a diicction that shall take in both the objects viewed, between which Ihc 
distance is leqimed to be mcasuied, and to compaie the position of that lino with a tiiio hoii- 
zontal 01 veitical line, as the case may be, and it is convenient to have this lino well raarked 
in the field of view. In Tioiighton’s miciometncal sciew theio aic about 103.6 tiucads in the 
inch, and the inclination of the tliicads has been so often pioved to be umfoim all lound, that 
It has been copied by seveialof the othei London mstiument-makeis, and, in oidinaiy tcmiie- 
latuies, it may be expected that the same values will be deuved fiom the same object-glass, oi 
speculum, whiclievei of these miciometois be used, piovided that the object incasined he 
situated in the solai focus of the telescope. We have compaicd the meaauies taken by 
the miciomeleis of Tioughlon, T. Jones, and Robinson of Devonsluie Stiect, and have 
always found them identical, when a slight allowance is made foi the unavoidable eiiois of 
obseivation. Dollond's sciew is diffeient, but the value of the sciew is of no impoitance, 
when the sciew itself is peifeet Sometimes the hnc-iniciometei is constructed with only 
one sciew, and has one, two, oi thiee fixed lines of depaituie, accoiding to the inclination 
of themakei, to lendei it capable of measuung eithei laige oi small angles , but whatevci may 
be the deviations fioin the instminent we have desciibed, the mode of applying the scicw la 

the same in them all. 
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S. In using this inicioinelor, the notched scale, bounding one side of the field of view, 
will always show how many ciitiic revolutions of cilhei scicw have been made, in obtaining a 
moasuie, piovidcd that the two mcasimng lines have been picviously laid one exactly ovei the 
olhci, 80 as to bisect the small cuculai hole, made noai the middle of the scale, that icpicsents 
Zeio, and also piovidod that the point o on the divided ung oi head of the scicw which is ad¬ 
justable by fiiction, is Uion pointed to by the index r, made fast to the oblong box by two scicws. 
If the angle to be mcasiucd be vciy small, one line may iticasme it, fust to the light and tlicn 
to the Icii of /CIO, and one half the sura of the two meabiuos will be the mean mcasuic, in¬ 
cluding the index ciioi j but if the angle is considciablc, such as the diamotci of tlio Sun, oi 
of the Moon, ono of the lines may be diawn 15 oi 20 notches to the Iclt of /cio, and then the 
line moving to the light will complete the measmo, when the sum of the two (piaiUitics will 
give the whole nuinhoi of icvolulions and pails indicated, the tabulai value of which sum may 
1)0 had lioni a computed table by simple inspecUoii. When tlio angle is only a fiacUonal por¬ 
tion of the whole field, the two screws, atmting fioin zero, may move m the .same diiection, 
and pass one anolhci nlleinalely in talcing scpaialo measiuos, seas to foim a icpcatnig insliu- 
ment, and the last mcasuic divided by the whole miinhoi of lopetitioiis will given conect icsnlU 
When this imciomctPi is used as u celestial cye-plcco, to view the piimaiy uiiago of an object 
m the solar focus, it will make no diffoienco in the numbci of icvoliiLioufi of the sciow mea- 
smiiig such object, whcthci the magnifying powci be iaigo or simill j for the object and the 
scale aic cnlaigcd by the eye-glasses in the same propoilion, the only limit of powei being, 
that the whole object shall bo included m the field of view j but that the niicromolei may bo 
uclvanlageously applied in mcasuimg angles of ditthient luagmUulcs, a sot of cliUbiont positive 
cyc-picccs, some of tboiu diagonal, aio usually supplied with each miciomotci, to suit the 
telescopes with winch they ai o intended to he used. 

4>, The easiest method of giving a value to a lovolution of the scicw, when used with any in¬ 
dividual telescope of a modciato size, is to try how many of them will exactly measure the vei- 
tical diameter of the snn in summci, when his allituclo is so high, as to have noaily the same 
lefiaction at the uppci and lowei limbs} for the whole diainctoi icduccd into seconds, and di 
vidcd by the numbci of icvolutions, and decimal paits obsoived on tlio Iicad of the scicw, will 
give the value of a single icvolulion, provided allowance be fiist made foi the diminution of the 
sun’s diamctei by the difibiencc of the two icfractions at the supeiioi and infeiioi limbs, winch 
diminution will depend on the sun’s altitude at the time of taking the mcasiue. Foi cxiunplo, 
on the morning of the 25th of June, 18gG, when the sun’s altitude was about d/O” SO, Ins vei- 
tical diamctoi was measmed with a Tioughton’s miciomolcr, by 4<0.98 icvolutions of tlio 
scicw, when applied to a icfiacting telescope of 43 2 inches solai focal length, in oidci to 
asceitain the value of a single revolution j on that day the sun’s serai duimelei, as given in the 
Nautical Almanac, is 15'45".6, and conscguontly the whole diametei was then, 
fiom Biadley’s table of lefi actions we have at app. zen. dis. 49" lofiac. 1' and at 50" we 
find 1' 7' .8, the difference in one dcgico being 2" .4 oi 1" .2 foi half a degiee, the diainotoi of 
the sun ncaily, the collect appaicnt diamctci theiofoie may be taken at 1800", and 


1800" 


40.98 


40" .12 IS the value of a single revolution of the screw which sopaiatcs the two lines 


of the iniciomctoi. In like mannei, on the aoth of July 1826, when the sun’s altitude required 
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tlie conectioii -1", 1 foi its appaient vertical diametei, the mcasuie taken by a telescope of 
30.5 solai focal length, with the same miciometei, was 28.985 levolutions of the screw, anil, 
the semi-diaineter on that day being 15' 4.6" ,2, the corrected diametei was 1891".3, which di* 
vided by 28,985 gave the value of a levolution in tins case 65" .25. 

5. Now as the values of the micrometer used with any two telescopes, aie to each othci 
m the inveise latio of then solai focal lengths, we can examine the accuiacy witli whicli the 

JT-* 

measuies of the sun’s diametei weie taken m these two examples; when compaied together, 


they stand thus ~ =65” ,3, and =46" ,1 iicaily the two dc 


30,5 


43,2 


teiminations weic theicfoie made with almost the same accuiacy, the pioduct of caeh soliu 
focal length, by the detcimined value of the screw’s levolution, being in all cases a mulant 
quaniit^i when allowance is made foi the ciiois of obsoivation When a telescope is so long 
that the image of the sun occupies moie than the field of view, this method cannot be applied; 
but when the constantproducl due to a shoiter telescope, oi to an aveiage of scveial telescopes, 
is determined, this constant, divided hy the solai focal lengtli of the large telescope, will give 
the value of a revolution of the miciometei s sciew applied to it, as well as if the sun’s diamclci 
could have been actually measuied thereby By these means the values of tlic miciometei'a 
scicw have been deteunmed when successively used with the five telescopes, which we had 
occasion to intioduce to the notice of om leaders, when explaming the use of the Dynamcter 
(§ XI. 33,), The analogical method of collecting the magnifying poweis wc theie cxphiinod, 
will equally apply lu collecting the compaiative values of the miciometei’s sciew. Thus if we 
take foi telescope 1 the numheis 80.5 x 65" ,25=1990" 125, and foi telescope 2,43.2 x 46" .12 

=1992" .384, as dcteimined by the sun, the mean constant will be 1991" 254, and 

43,2 


=46" 09 will be the icctified value deiived fiom the mean of the measuies taken by the two 
telescopes, when the miciometei is adapted to telescope 2 But when thoic aic sevcia) tele* 
scopes, tlie mean dciivcd from the whole number will be bcttei, and in this way wc have lecli- 
fied iJie compaiative values of the sciew with all the five telescopes, without dopaiUng .sensibly 
from the solai values, and the following tables contain the icsults, dciivcd fiom multiples of the 
respective values of each single levolution. 
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Table I, 


No 


1 

2 

3 

4 
6 


0 

7 

0 

9 

10 


It 

J2 

13 

14 

15 


10 

17 

10 

10 

20 


21 

22 

23 

21 

25 


20 

27 

20 

20 

30 
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Tel 1 

Tul 2 

Tel 1 

Ttl 1 

¥* 

Tol S 

r 

6" 26 

0' 

aona 

0' 20" aa 
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The values of TEOUGIITON’S MICROMETER with EACH of FIVE TELESCOPES, 

Table II. 
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7 . The atiannei' of using these tables can haidly he misapprchcnclecl: Table I. belonging 
to the notched scale, gives the racasiucs of an angle duo to any nuinbci' of enhte 1 evolutions 
that the iniciometci can take in, and many moic, when the magnifying powci is gieatj and 
Table II. contains the values of the fiactional poi lions indicalod by the micioinotoi's divided 
head, the sum of which quantities gives tl 10 whole inoasuic. Thus if the whole nutnbci of 
levolutions on the scale of notches be 19 , and the p.uts on the head of the scicw be 67 , out of 
the 100 tlieie mscitcdwe shall have for the five telescopes uiiclor oiu notice the following 
values, V17. 



Tii- 1 

Tj l 2 

Tjj. 

Til. 4 

Tji. C) 

Table 1. 19 

go' 39".75 

14/ 30".98 1 

9' go". 1 2 

8' 4T)" 87 

8' 10". 9 

Table 11.G 7 

48 .71 

30.88 1 

19.71) 

18.58 

17 . 4.8 

llospcctivc Sums 

21 93.40 

1.5 7.10 j 

fc* ^ w n- 

■ i ' 

9 39.88 

9 S . 4.5 

8 39.07 


8 . The mlciomctci iiiulor out considcialion may also be applied as paiL of a Icrres- 
tiinl eye piece wdli foiii lenses, by means of 1111 adnptci, m which silunttoii it supplies the 
place of the two cye-lenscs, which must bo picviously wilhchawn. Wo have already slated 
(§ VII. 10 .) that the tciicstnal cyo-pieco lias a variation of magnifying powci dcponduig on 
the distance between the two separate pairs of lenses, as is the case with tlio compound micio- 
scopc, and that a now value is given to the miciomotci's screw at eveiy now diatanco. When 
an uitciioi tube, that diaws out, contains tlic pan of oyo-lciiscs m the niiciomctoi, a scale of 
equal divisions will indicate the m.igmlyiiig powers 5 but not the vau.vblo values of the micio- 
metcr’s sciow due to each position. 

9 . These values will be to the talnilai values belonging to tlie celestial telescope, inversely 
as the length of the sccoinhuy or diiccl images in the tciiestiinl telescope, aio to tlio lengths of 

the pumaiy oi iiivoilcd imago in the ccleslinl oye-pioce. The latio of V : % or ~ can always 

bo most coircclly dctciimuod by cxpciimcnl, by means of the micrometer itself, wheie the 
value w denotes the numbei of seconds m a 1 evolution of the scicw, wlien the cnlaigcd seconil- 
aiy imago is measured, and V the value, when the smallei oi pumnry imago 13 the object. In 
all eases the numbci of i evolutions multiplied by the value of tlio scicw will be the whole mea- 
suic of the object obseivetl} and as there axe as many values 111 the teircstiial consli ucUon, us 
there are distances between the pumaiy and secondary images, on winch the magnitudes of the 
I'lttci depend, it is obvious, that as many diflbient moasuics of an object may bo taken, as 
theiQ aie vaiiations m the magnitudes, or, winch is the same thing in effect, in the distances 
maikcd on the intciioi sliding tube. In general the incicasc of the secondary imago, as com- 
paiod with the pumaiy one, made at the solai focus of the object-glass of a lofuicting telescope, 
IS neaily as two to one m the oidiiiaiy tenestual oyo piece, which may be incicasod till the 
ratio 18 about 3 t 1, by the scpaialion of the two pans of lenses, m diawing out the sliding 
tube tliat holds the cye-piecc oi miciomcter, but tins latio depends on tlie relative focal dis¬ 
tances of the object and amplifying lenses, and also upon the distance between them, a small 
vauation in any of wlucli distances will greatly affect the place of the secondaiy image. In 
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oul telescope numbered 1, of which the solar focal distance is SO inches^ tlio focal distance 
of the object lens is 3 .00 inches, that of the amplifying lens b 3 .25, as neaily as can bo 
asceitaincd, and the distance between them 4.7 When the innei tube is pushed homo with 
the miciomelcr attached to it, the distance between the piimaiy and secondaiy images is by 
measuiement 12 -7^, and in this position t? is found by expeiiment to be 32'^ 

10 * In obtaining the distance between the two images in the home position, the tube itself 
la 11.5, and the distance of the solai focus 1 25 fiom the end of the tube, at the face of lens 
a, the sum of which is 12 ♦75> has been slated. Now as the innei tube is diawn out, the sohu 
focus appioaclies lens a, till it has been withdiawn about five inches, in which position the 
sohu focal image falls on the fiat face of the said lens, and on being withdiawn still fuithoi, 
this pinnary image falls between the lenses fit and 5, wheie its distance fiom the sccondaiy 
image can no longei be measuied , but we may deteimine by cxpeiuhent, as well as by com¬ 
putation, the points on the sliding giaduated tube wheie the lequued values of tho scicw shall 
fall. When a distant object has been measuied by the miciometei with the value 65"' 25, saj 
by 20 1 evolutions, making the whole measine 1305'^, the same object maybe measiued by 


1305 
32 ' 


1305 1305 


31 


30 


&c, as fai as the scale will allow, the quotients ausnig fiom which fine 


tions will be so many revolutions of the sciew to which the miciometei’s lines must be sepa* 
rated lespectivcly ^ then diawiiig out the tube that holds the miciometei, till the same oliject 
IS exactly included between the sepaiated lines, at each of the diffeient positions, will give the 
several points of the scale, wheie 32", 31", 30", Sec, must be maikecl The sepaiations nccessaiy 


1305 1S05 

foi this puipose, counted m i evolutions and paits, will be = 4>0. 78 , 


«. 10 , 

30 


43 50, &C.J and in this way IS pointsweieinseited,begiiimiigwith S2", and eiicHng with SO", m 
the space of 6.5 inches, which is the whole length of the scale, the fiisl space being about 
and the last 1 of an inch , the spaces giadually met easing fiom the oiitei end, as the values of 
a levolution decrease. When the scale is thus gtadiiated fot IS positions of the inicioinctui, 
as indicated by the end of the fixed extenoi tube, as many ineasuies may be successively taken 
of tiny object, foinrting a second image, as theie aie points maikcd on the innei tube, for tlio 
numbci of levolutions and paits of the screw, multiplied by the number of seconds cnguivoil at 
the piopei points of the scale, will give the whole measiue, and an avciagc of all tho measuics, 
taken at the diflbient points, maybe expected to give a lesult moie acemate than will bo ob* 
tamed fiom a single measme taken at any one of the positions, lienee we may denominate this 
method of using the miciometei polymetuc, to denote the nmnbei of diffeient new incasuies 
that may be successively taken by the same telescope 

H. If we could deteimine with piecisioii the solai focal lengths of the lenses a anil b and 
also the exact distance between them, wc could deteimine the whole scale theoiotically by the 
following foimula, 



a 


'U 


11 /- d\ 

" + T (1 + - ) 

a b \ a/ 


, in which 


focal length of the object-lens, 
focal length of the amplifying lens, 
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d = the distance between them, 

D ~ the distance fiom b to the second image, 

V ~ the value in seconds of the sciew’s i evolution at the fust image, 

<0 = the value in seconds of the scicw’s i evolution at the second image j 

but as the smallest eiioi in any of the incasuicmcnls would greatly affect the values of 2), on 

which the scale depends, it is bcttoi to deleiminc piaclically ,tho values w at the two exticme 

points of the intended scale, and then to compute the distances by the foimula in the following 

1 d 

mannci. Foi the sake of bievity lot us put A s= :j— . " / » ^ 

t + ! (\^ t 

a b\ a) a 

. V 

and tlicn the foimula will become D ^ A 1 • Now wo have alicady clotommcd the ex* 



ticrac ends of the scale to bo at the ponils SS" and SO", and by measiucracnt we find, that the 
distance of the second image from lens b was 0.8 inches m the fiist case, and 13 3 m the 
second, by substiUituig these quantities foi >o and D in the lespcctivo posiUonS, and G5"S5 foi 


Vi wc shall have G .8 = /i^ B ~,and 13 ,(iz:A l Ji £, 

32 SO 


by which equations wc can 


thus dotoiminc A and B, subtract the fust equation fioin the second, and the diiroicnccwillbc 
6,S=iB siB S 3.26—2.Odi ^ =■5.1.22, which gives 5=: . . 9 .. '? .^ s=s 

i 20 82 > ( ) ^ 1.32 

d .328 j tins value of B being substituted in the fust equation, aflbi’ds 6,8 = yj[ +10.87, from 
which wc deduce A!== -4i .07* l*’iom those values of A and B the former equation, that gives 

(>5 tQ3 

tlic value of JO, will be J) = —4.07 1 3.328. -1~-; and fiom tins foimula, talcing the quantities 

32", 31", 30", 29", 8cc. foi v successively, wo may compute a table of the coriospondmg values 
of B m inches and pails, as follows. 


TABLE I. 


•a 

JO 


B 

32" 

10.87 

25" 

13.91 

31 

11,22 

24 

14.49 

SO 

11.59 

28 

15 12 

29 

11.99 

22 

15.80 

28 

12.42 

21 

16,55 

27 

12.88 

20 

17.37 

26 

IS .37 




The diffeiences between the fiist and each of the successive numbers m column Z), will give tlie 
successive distances on the scale measmed fiom the first point 32", tlic diffeionccs of which 
distances will give the intcivals ns maiked on the scale< The following table contains these re. 
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spective nuinbeis coiresponding to the factors 82“, 31", SO", &c, which may be useful in gia- 
tluating the scale, oi m collecting it, if notaccmatelydeteiminedbythepiactical method ahendy 
explained , but m this instance the practical determination accoids exactly with the theoiy 

TABLE II. 


1> 

Diff 

Iiitcrvnls* 

32" 

31 

30 

29 

28 

27 

26 

25 

24. 

23 

22 

: 21 

20 

0.00 

0 35 

0.72 

1 .12 

1 55 
2.01 
2.50 

8 04 

3 62 
4.25 

4 93 

5 68 

6 50 

0.35 

0.S7 

0.40 

0.43 

0.46 

0.49 

0.54 

0.58 

0.63 

0.68 

0.75 

0 82 


12 The only vaiiable quantity in oil! foimiilais w, which vanes invciscly as the second 
image, which image vanes diiectly as the magnifying powei with the same eye-piece j thciclbic 
if a scale of equal paits weie inserted also on the sliding tube, it might have the coiicspondirig 
magnifying powers also engraved, oi otheiwise tabulated, suitable foi the use of the micioine* 
ter’s eye-picce. 

18, As a second example, we detei rained the points m the sliding eye-tube of the IclC' 
scope numbered 5, which has a solai focal length of 76 25 inche'!, whcie the two cxtiomc’ 
values of a levoliition of the same micioinetei weie 8" and 5", and the whole mteival 5.0, at 
the fiist of which points, when the telescope was adjusted foi distinct vision of a distant ohjccl, 
the distance fiom the lens b to the second image, situate at the imciometei’s lines, was 8 .2 
inches, and when diawn out to the point 5", the distance was 13 8. Then by oiu founiila, 
without icgaiding the focal lengths of lenses a and h> oi the distance between them, wc have 


8S^A + B 


26 " 1 
8 


26 1 

, and IS J5‘-to find the points of the scale, which will be 


the tiue positions of the micioscope, foi giving 8", 6", and 5", foi each ievolution of the 

screw, when used with tins telescope, which points may be deteimined by the following steps, 
for gaming fiist the values of A and B, and fiom them the distances of the lespcctivc ponils 
from lens h, and then the diffeienccs of those distances, as well as the inteivals between them j 
thus. 

5.6=5. 1=5 22-S 26=5x1.96 

5= -^=2 857, and2 857 ?^==9 321 
1 96 8 


8.2=/f + 9.321, andtherefoie-9.321 + 8.2=-l.l21=^. 
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S6 il 

Ilencc I)=3.857' —1 *121 will give the place of cacli point, as m the following table, 

which contains all the quantities. 


V 

J) 

13 nr 

IlUOlVtllR 

8 " 

8.20 

0.00 

1.83 

1 .78 

2 48 

7 

9.53 

1 .33 

0 

11 SI 

3 11 

5 

13 .79 

5.59 


In this computation it happens that the whole nitoival, between the points 8 " and 5 " pei icvo 
lution, is just of an inch less than was dcloimincd by cxpciinicnlal vision and moasiucmcnt j 
but wlicio the intcival fioin point tJ" to point 5" is ns much as S ,d <8 inches, this tliscicpancy m 

the position of the iniciometci will pioduce a very small ciioi, if it could bo even clisccimble 
in the observation, 

H<. l'’ioni a compaiison of these two scales we perceive that a telescope of shoit local 
length will have the advantage of inoie polyiuoUic points, than a telescope of a long focus, pro¬ 
vided the pail of innoi lenses aio made propoiUonal to the focal length of tlio object-glass, ns 
they icgaul the due magnilying powci and piopci quantity of light j for the lenses' a and b may 
have such short local distiuiccs, and be placed so noai togotlici, that Iho high power thus 
gained will cnlaigo the second imago too much, and Llioic will bo a gicat dcflcioncy of light. 

15 When the miciometei is act to the positions denoted by the flguies 8 ^", 31", SO", &c. 
01 8 ", 7 ", G", 5" ongiavctlon the icspectivc scales, tlicse numbcis become the factois siulablolbi 
multiplying tlio coiiespondmg mimboi of lovolutions and parts ol the scicw, and a mean of all 
the pioducls with cillici icloscopo, will give the tuoasuic with cxtiomo acciuacy.—As an ox- 
ample, we iliicctcd the liugci telescope to a distant window, when the sun was concealed by a 
cloud, and took the following moasmes of its bioiiilth when situated at the distance of more than 
a mile 5 VIZ. 


1st position 8" X 14s .15 icvolalioiis = 113" .SO 

Slid do.7 X IG *50 do.=;113 .40 

3icl do.. . G X 18 .75 do.alls .50 

4lh do.5 X 22 .55 do.= 112 .75 


Mean of the four=112 .96 

iC, In this experiment none of the single measuies diflcis from tlio moan of llic four so 
ranch as hall a second. When the image foiracd at the solai focus was measured by those two 
telescopes without the tencstiial tube, they gave 4.30 x 26.1 = 11S",2S, and 1 .72 x G5''.25 = 
112".23 also, but with much smitUoi magnifying powcis. 

17 . When the micioraotci is applied to determine the angle of position, that a line 
uniting two slais makes with the honzonlal hno, it must be attached a telescope that will 
move in a vcitical line when placed in the meiidian, oi otherwise that is mounted on a good 
pauillaclic stand, if an cquatoiial mstiumont is not at the obsoivei’s command. In some of the 
best miciomeleis theio is an adjustment foi putting the index, stioke to zeio on the divided 
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cilcle, ■which must be done while the horizontal wiie is in its piopei position, at light angles to 
a plumb-line seen at a distance in the meiidian of the place, otlieiwisc the distance from zoio 
must be applied, as an index eiioi in each obseivation, accoidingly as it is positive or negative. 
If the miciometei has no adjustment of this soit when screwed home into the telescope, ati 
adapter that will tuin stiffly lound will supply the defect. Some of the mici ometeis have inoie* 
ovei an hoiizontal lack, which becomes veitical oi inclined, accoiding to the position given it 
by the sciew acting on the lacked edge of the divided ciicle, but unless the pmion of the lack 
IS tight enough to keep its place in eveiy position, it may be the cause of some inaccui.vcy in 
the ineasuics, paiticulaily in taking diffeiences of decimation. Indeed it is dcsiiablc that the 
sliding long box holding the lines should be made fast, foi then the lines put to zci o will measure 
the same zenith distance to the light and left, while the mstiument is leveised in a zenith po¬ 
sition in Tioiighton’s constiuction there aie fixing sciews in the mteiioi pait of the cyhndiical 
box, that will produce sufficient faction on the cheeks of the dovc-tail, when turned quite home, 
and when the tube that holds the eye piece is unsoiewed and taken away, a small sciow-duver 
may be admitted to effect the tightening of those cheeks When the table of mca&uios ismado 
foi the spaces included between the two mcasuung linos, the measures must bo taken accoitl* 
ingly, but if the thickness of the spidei’s line should be included m the measiue, an allowance 
must be made foi it, either m the obseivation oi m the constiuction of the table, foi when the 
eye-piece has a shoit focal distance, the tliickncss of the line, though veiy small, will inlioducc 
an euoi into the ineasuie, if not in some way allowed foi 


§ XX OTHER METHODS OP DETERMINING THE VALUE OP A MICROMETER’S SCREW 

1. In the pieceding section wo have explained and exemplified the method of obtaining the 
value of a single ievolution of a miciometei’s sciew, by means of the sun's diamolei. But 
as theie have been diffeient deteiminations of his mean diametei, anti as laigc telescopes 
give a greater image of his disc than can be included in the oidmaiy field of view of an eye¬ 
piece, we have thought it advisable to give othei oiiginal methods of appieciating the levo- 
lution of a sciew, when applied inicioinetiically to any given telescope, such as have no rc- 
feience to the sun’s diametei, and as may be applicable to telescopes of any length, 

? The method that has been most piactised, though piobably not the most ac* 
cuiatc, and which we will call the second method, is that which deiives the scicw’s value 
flora the equatoiial passage of a stai without declination, or fiom a stai of known declination 
reduced to the equatoi, and the only objection to this method is, tliat the aic coriesponding 
to the time of the passage llnough any mteival contained between two lines, when separated 
by a'giyen numbei of the sciew’s revolutions, cannot be asceitaincd with the same degiec of 
piecision, that an aic in declination can be ineasuied It supposes a second of ftwie to be 
measuiable into fifteen paits, when a veiy small aic is deteimmed in this way, which is im- 
piacticable 5 when howevei the aic is laige, such as the whole field of view of a telescope, the 
entue numbei of seconds will make the difficulty ineige, by lendeiing the icsiduaiyfiactional 
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poxtioii of the last second of hfclle impoitaiicc, when clistiibutod among the whole uiunbci ol 
seconds icpetitions also of the same passage, oi of the passages of chIFexent slais, ni oi iieai 
the equatoi, will aflPoid an aveiago winch will contiibiite to diminish the cvior of an a?c thus 
deiived fiom its coiresponding time The tables conlammg tho values of Tiougliton's scicws 
given by Messis. Iloischcl and South, in the 25d and 23d pages of thou Viduablc volume of 
Obsetmtions of the Appmenl Distances and Positions <f S80 double and 2i iple Stats, weic con- 
stuicted fioin values of the icspectivc sciews thus doducetl, foi telescopes of five and seven 
feet focal lengths, which aie icspectively 0'31",582 and O'2'li'',0'14. The exact focal length 
of the smallci telescope, we have been lufoimed by Mi. South, is 03.2 niches, and wc shall 
picscntly have occasion to show, by anothci method, that tlio dcteimmatiou with icspect to it 
IS good, but with icgaid to tho laigci, we have not yet been able to ascciLaui its exact focal 
Icngtli, though wo can cnioitam no doubt of its scale being equally good. Indeed the co¬ 
incidence of tho icsulting measuics, taken by the two sopniate iniciometers, is of itsolf a suf¬ 
ficient pi oof. 

3. The thud method of giving tlio scicw its value that wc havo to ofiln, is a compaiaUve 
opeiation, when two stais have been I'oiiiid that pass tho field of view at tho same position of 
the telescope, and at a shoit inteival of tune aftei one anothci, the dinbtcncoof then altitudes 
maybe detciininod by a good ciicuhu insluunont placed in the mciidiau, and this difieienco 
divided by the niiinbei and paits of the levohitions of the imciomctei’s scicw, applied to tlie 
given telescope, will show tho value of one of its i evolutions without farthci tionble oi com¬ 
putation. As it IS nccessttiy that the telescope m question .should pioscivo its elevation un- 
altcied dining the uiLoivnl of the two ]).\ss.igC8, it would be bcLtci to select two stius that aio 
seen in tho field at tho same lime, and then the fust of them may lie made to pass along one 
of the linos, while tlie second is directed along tho othoi by making a piopoi separation of the 
lines bofoio the fill St has di.snppeai cd; but this must bo done while the stais are passing the 
jneiidian, and if they havo sm.ili pohu distance, they will continue the longci m the field to 
give tunc for the icqinsito opeiation. 

4, Tho foiuth method of gaming a knowledge of tho screw’s value, is not dependent ou 
celestial observations any failhci than that tho sohu focal distance, of tho telescope to ho used, 
IS lequued to be previously measiucd in iv state of adjustment to distinct vision of any 
heavenly body, and that the numbci of tlueails m the inch, which compose the sciew, should 
be coucctly known, In Tiougliton’s micromelei we have had occasion to conclude, fiom va- 
iious expeiimonts, that there aio 103.6 threads m the inch, but somewhat moie oi loss accoid- 
mg to tho sluicliuo of the metal and tompeialiiie in which the scicw was oiiginally made pci 
aflciwauls examined, foi it is not to be cxpoctocl that two sciews, oven made fiom the same 
die, will bo pieciscly alike tluough then whole length, pailicnlaily if exammod under dif¬ 
ferent dogices of tompeialuio both of the scale and scicw, which aic generally of chfleicnt 
metals} but the lesults aiisiug fiom om assumption, will piovc, that it is notfai from tho 
liulh, If wo consider tho telescope's focal length to be tho i adius of an nnaghiaiy cucle, 
with the object glass at the ccntie, and the solai focus, with the screw m it, at tho cu- 

cumfeiencc, we can easily compute tho small arc that is equal to of an inch, fioni 1116 
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known piopoi’tion of the ciicumfeiencc to the diamctei of the cnclc, thus, lot us put 

1 • S .14<l6 as the latio between the diameter and cacumfeicnco, « 

y n tlie solai focus, oi ladius of the circle, 
the inunbei of i evolutions in the inch, 
and 1096000 "= the seconds in the whole circle j 
then we shall have w, the value of the scale, flora the following foiimila. 

, _ 1096000" 

/x3x3.14.l6.Ji’ 

In this expiess&ion f is the only vauable teiin, and tlicrefoie wc have g-, 1 ,- 


1990 ". 97 , a constant quantity, and ~v foi any telescope, whatevei may be the 

w 

off. If we take oui five telescopes, and substitute the lespcctivc focal lengths aliendy 
(§ XI. 16.), we shall have the iiumbeis and coucsponding values of the micionictvi'ft 
winch aic heie subjoined, 

q’el, 1. ( = 65".27 foi the value of a levolulion, 

Tel. @. = 46 .09 for do. 

4^ ,2 


.p j 1990.97 

1 el. 3. 

Tel. 4. 

71 7^ 

Tel. 5. 199^ 

76 .25 


= SO *</i9 foi 


@7 r/4i for 


= ^6 *11 foi 


Four oui of five of these cleteimniaiions cliffei only 


do, 


do. 


1 


100 


do. 


of a second, and Ihc filili aiilj 




from the values lespectively deicimined by tlic sun, and fonmng the basis of oiu tuldiN m 
last section, which confiimation is highly batisfactoiy, as it legaids both the molhods oj 
ing the tabular values We aic now m a situation to asoeitcun tlic iuio value of Afr* 
nuciometei attached to lus equatoual instalment, ou a supposition that its telosct*im*i 


focal length is just 63 S inches, which by oiu foimula will be, 


wooyi 

63 S 



volution* This value is smallci than Mi South’s tabulai niimbci by 0",077 m each 
and will amount to a second m about IS ievolutions, but in a vciy small nic the (hllbrenw 
not be peiceptiblc, and theiefoie cannot sensibly affect the measures that he took ol 
stais. 

S. The fifth and last irkethod that we propose to desciibe, of appicciating a aevahili^^ 
the micrometer’s scicw, IS by means of teiicstiial ineasuiemcnt alone. By a case in 
trlgonometiy it may be easily computed, that, at the distance of 100 yards, a single yard |iIm 4 
either honzonlally 01 vertically at light angles to the line of sight, will subtend au angle d 
S4i QS''.4, and that it will subtend 36'^ oi a minute foi each inch, at the distance of 04 
yaids, and if the lays of light issuing fiom a giaduated scale of inches, placed at the Inner 
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tance fiom the object-glass of a telescope, could be cbstinclly seen with the micrometer adjusted 
foi celestial vision, a value might be given to one i evolution of its sciew, by substituting as 
many inches as the telescope will measuio at once foi the sun, and then proceeding as in om 
fiist method doseiibcd in the last section. But it is well known, that to view a noai object with 
a telescope of considciablo length, the oyc-piocc icquaos to be diawn out, and that the tele¬ 
scope thus elongated has an mci eased magnifying power, with a cone spending deci eased value 
of its miciometei’s icvolulion, Iheiofoie a collection foi a want of paiallchsm of the lays 
issuing from a ucai object, must necossauly bo applied to tho angle measmed by the telescope so 
situated, which wo may call the appaicnt, by way of distinction fiom the true, angle subtended 
at the object-glass. When the distance of the scale is known, that collection may be conve¬ 
niently obtained by the subjoined foimula, 



in winch c=:thc elongation of the telescope, 

the solai focal distance of liio object-glass, 
dssthc distance of the scale fiom the object-glass, 
then, if wo put/'foi (/-i e), we shall have/' • f : nppai’cnt angle ; lino angle. 

(i Some yoais ago wo hollowed one of Tioughlon’s now chains with 5 feet steel links# 
to enable us to piovc how far this method of obtaining a value for his microinotcr’s sciew could 
be depended upon, with an achioraalic telescope of 4<ff solar focal length, to Which it was 
then applied, and the following detail will explain both the method, and tho dependence that 
may be placed on it A stall’ pauilcil white, and divided into inches liy black stiokos, was 
cicctocl pcipcndiciilaily on a level plane, at an unknown distaueo fiom the object-end of the te¬ 
lescope, whcio a yaul was inoasiued by 18 .19 levolulions of tiio micromotci’s sciew, allei dis¬ 
tinct vision had been obtained by tho piopor sciew of the rack. Tho point undci the object- 
glass was thou dcloinnncd by a plumb line, and the distance ihciofrom to tho staff caicfully 
measiucd by the new chain, which was found to be 0Gl .9 yaids, the tiue angle subtended by 
the yaul at that distance being by computation 13' 7**57 When all tho qunnlitios concerned 
in computing the elongation e, aie tinned into yaids and paits, wo shall have 


/ ^ 1.2708 ) 

/‘=:1and -j— 

d =2()l 9 ) ^ ^ 


1 Gl<1.932G(t 

m .9 -1 .S 70 S 
* 


=0 OOOSse 


Then we have 1.2708 1.277 • IS'7''.57 ; IS'IT.-W, hence = d<3".508 was found 

10 i X 

to he tho value of one levolution, winch was vciy neaily the same tliat had been pioviously de- 
tcimincd fiom mcasniing the sun’s duimetci , and also scaicely difibis fiom what will icsult 

fiom oiu foiuth method, winch gives =:43".51. 

45 .75 

7 . Wlien the telescope is a long one, and has the place of thesolai focal adjustment maiked 
on the sliding tube, 01 on the diawei of the lack, the place of the tciicstiial adjustment may be 
maiked with the fine point of a pencil, and tho distance between the inaiks will give the elonga¬ 
tion, e, sufficiently neai without computation ]?oi instance, 111 the cxpeiiment just 1 elated the 
von. It. Q 
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interval was apparently a quartei of an inch, and as 0 , 006 § of a yaid is 0 QS32 of an inch, 
tlie value of the screw’s revolution would have been veiy neaily the same, if a quailcr of an 
inch had been substituted foi the true value of e, obtained by computation. 

8 . In detei mining the true angle subtended by a yaid at a considciable distance, con* 
sidered as the base of a small triangle, the peipendiculai and hypothenuse may bo taken os 
equal to each othei; and on this supposition the complement of the logauthm of the distance in 
yards and paits, will always be the logarithmic sine of the tiue angle subtended. 

9 * To facilitate the piactice of this method of giving a value to a scale, and also to enable 
the piactical astionomer to determine the distance of ins mciidian maik, oi of any othei olyret 
that may be lequiied at one station, by means of a micioineter and a giadualod stall, we 
computed the following table, which will give eitlioi the line angle, oi coiiospoiuling iliHlmii’e 
by inspection, accoidmgly as one is known and the othei lequiied, it gives the distances cor* 
lesponding to eveiy minute and second subtended by a yaid, fiom 1' to 30' 59" lucliusive, auci 
was oiiginally computed foi anothci woik, in which it has been before published. Wc abo 
gave tables foi showing the collections foi convoiting the appaicnl into the tine angles, and 
wee veisd, but as these coirections vaiy with the focal length of the telescope, it is heller to 


compute the true angle as wo have directed by the latio 



Foi instance, if wo icveise the 


data of om last cvpeiiment, we shall have the appaicnt angle sublcndod by a yaid at an uri 
known distance = IS' 11" Al, as obtained by tlie imcioinctei applied to the telescope (No. 5), 
and the elongation (c^=:0.2232 of an inch, to dctciinuic the tiue angle and coiiespoiuhng di? 
tance; which operation will stand thus j as 1.277 (=/'): 1 .2708 (=/) 18' 11" .4 1 • j s' 7 .57 
for the tiue angle, then m the fiist page of the tablo we look Ibi 13' at the side, and ?' «| 
the top, and at the 3 unction of the hoiizontal line with the vciUcal column wo lind 2(i2.08, 
and in column 8 ", wo find 261.75 j the dilFcicncc between which is 0 . 33 , which mul(i|)licd 
by the fiactionalpait .57 will give 0 . 1881 , lobe added to 2 Gl * 75 , making togethci the Uiic 
distance m yaids 2G1.9381. 

In the same way the tiue distance may be detei rained by any othoi telescope, having a 
spider’s-lme micromctci, with a table of its values, when its solai focal length is known, and 
also the elongation pf its teiiesUial focal length. 


4. 


r 
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A TABLE 


OF 


DISTANCES IN YARDS, 


CORllE&PONDING TO TIIU ANOLKS ‘.URTJ.NDED BY ONE YARD 
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VALUE OF A MICROMETER’S SCREW 




OF 

DISTANCES IN YARDS, 
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MICROMETRICAL SCALE WITH A 


§ XXI MICROMETRICAL SCALE WITH A CONSTANT MAGNIFYING POWER 


1, The tnost simplej as well as tlie cheapest micrometei in existence, is a plain divulcd scale of 
mothex-of peail, glass, oi othei tianspaient substance, that is capable of iccciving the dividing 
stiokes. Such a scale, divided into the hundiedths oi two-hnndiedths of an inch, and placed 
in the common focus of the object and eye-glasses of a good celestial telescope, alibi ds the 
means of ohtaining the mcasuie of a tcncstiial angle, withm the accuiacy of a few seconds, 
even undei the unfavoni able ciicuinstance of oui being obliged to estimate the fiactional poi- 
tion of a division. In astionoiny, also, it may sometimes be used with advantage, when the 
body emits light enougli to icndei the dividing stiokes visible by night, oi when adventitious 
light IS intioduced into the telescope foi this puiposc. We do not confine oiix lemavks to the 
simple scale of two paiallcl linos, divided and subdivided into spaces by long and shoit stiokes, 
that maybe easily counted, but we include all leticulatcd divisions made in the foiin of scpiaios, 
light angled oi othexwise, wheie the divisions aie equal among ihemsclvcs, and invaiiable in 
then values, which such divisions will always be with the same telescope, used wd h the vSamc 
inaginfjnng powei, and taken as the ineasuie of a distant object. The value of such a scale 
may bo nsceitamed fiom cithci celestial oi teiicstiial objects, when the angle is picviously 
known, that is incasmed by a ccitain nunibci of its divisions, When the bun is used, the le- 
Icscopc will of coLUbo be adjusted to the solai focus, at the moment of taking the incasuic, and 
the value of a division obtained fiom a compaiibon of Ins vcitical diainetoi, coiicetcd foi the 
effect of lefi action, with the divisions of the scale, will he the tiuc value, and as his senn* 
diamctei is given m the Almanacs fox cveiy day m the ycai, the nnmbci oi seconds covoied 
by one division will be leadily had fiom the whole number of seconds, composing the dminctci 
at the time, divided by the whole iiumbci of divisions and fiactional paits, that will just iitca- 
buxe this diainotei. The hoii?ontal diamctei of the sun, which would icfuino no reduction 

j T 

for icfraction, Is! not easily incasmed, a& we befoic noticed, by leason of his inofion m light 
ascension thiough the telescope. 

2, When a tciiestrlal subtense of an angle is used, the angle will vaiy invoibcly as the dist* 
ance, and the telescope will icquiie to be elongated, by means of its diawci, to have distinct 
vision of a neai object, hence the angle, mcasuiccl by the solai scale, will be too gicat by a quan¬ 
tity depending on the elongation of the telescope, as is the case with the spidci’s-linc micioinctci 
(§ XX. 5 ,6 ), tUoicfoio the value of the scale obtained fxoin a Iciicstnal object, placed at a ncai 
distance, will not be couect foi astionoinical piuposcs. If the solai focus of the object-glass 
be denoted, as befoie, byjfJ and the elongation of the telescope, when distinct vision is oh 
tamed, he called c, then the elongated focus will bey a- c, for which wo may, as hclbic, sub- 
stitutp/', and then the magnifying powcis of the telescope, foi the sun and foi the tcircsUial 
objSbt, yill be to each othei directly as J" when the same object glass and cyc-picco aie 
nsed.^ The quantity e may he measmed on the diawcr of the telescope, when successively 
adjusted foi vision of the sun, and 6f the teiiostiial object as we have aheady stated, but may be 


moiG accurately obtained 


by the well known 


equation befoic exemplified 
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3 Now the linage of an object placed at any distance will incicase with the inciease of the 
magnifying powci of the telescope, which, with the same cyc-piece, vaiics with the focal length, 
and inoic divisions will be lequucd to ineasuie the laigei than the smnllci image, but wc have 
seen that the tabulai value of a single division on any scale, is found by dividing the whole 
known angle by the nuinbci of divisions that will pist ineasuie it. If, thciefoie, wc put a. for 
the angle to be incasiucd, which is pievioubly known, ti foi the numbci of divisions that wall 
measiue an angle subtended by the laigci image, and n foi the numbci that will ineasuie the 
smallei linage, fonned m the sohu focus, we shall havey’' J • n' j;, and/'?! =/’«', also 


= 11 , and 


We shall have also - 


a 


y, and - 
n 


V, the two icspcclivc values 


/' ' J n 

of a division of the scale coiicspondmg to the focal lengths/' and/ 

4i, As an example J when an exact yaid, painted white and divided by black stiokcs, is 
elected vcitically at the distance of 98 .25 yaids fioin the objcct-glafis of our lefiacling 
telescope (No. 5.) of 7<> 2.5 inches solai focal length, and when distinct vision is obtained by 
di awing out the small tube, let it be icquucd to deloiminc, what is tlie quantity of the elon¬ 
gation (e) J what the ciioi in the mcasuicnicnt of an angle subtended by tunc inches, as thou 
ineasiucd by the solai scale, and what the piopci values of Iho same scale, coiicspoiHling to 
/'andy icspeclivcly, when 4.0.4 divisions of the scale just cover nine uichc.s? 

By oin Table given m the last section, a single yaid, at the distance of 98.25 ynuls, 
will subtend an angle of 84' .59" 4, or 84'.99} and 76 .25 niches are equal to 2 .118 yaids } 
2.118 X 2^118 _ 4.48.5924 

' 90 .1.32 


0 omo = and = 

3.118 


then 

98 ,25-2.118 

35'.70l8, 01 35' 45".7080 will be the angiilai mcasuic of the yaid, belonging to the elongated 
focal lengthy', onc-foinlh of winch is 8 ' 6()".425, the measure due to nine inciics at the said 

focal length 5 hut the measiue due to the solar focal length/ is = 8 ' 44*.85 , so 

that the difl’eiciicc, or euoi, belonging to the mcasincment at 98 .25 yaids, is lT.575 

In the next place wo have == == 12",99 =s 

‘ n 40.4 


and*^ 

J 

524''.85 
89 .5.3 


2.118 X 40_^4 
2,10406 


ns 39.53 divisions = 2 « 




= lS". 27 Gp:t; If we .suppose that, by slioitoning the distance. 


hcncc we have - = 

n 

the linage of the object incicases m the same piopoition as the diviwons of the scale aie re 
quucd to be moie numcious, and call the incieased angle 8 ' 56".425 


then will bo =: 
n 


“ and 

n 40.4, 


= 13 ",277 will also be the solai scale. 


5. The focal length, multiplied by the value of a division of its pioiier scale, will always 
be a constant quantity, whatever that focal length may be, piovidcd that an invariable celestial 
eye piece bo used. Thus when the quantity e is 1 educed into inches, it will be 1,08, winch added 
to 76 25, the sblar focus / will make the elongated focus/' 5 = 77 ‘93 inches, winch will give 
77.93 X 12" 99 = i012".31, as the constant paoduct j while 70.25 x 13".277 will also pro- 
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ON Tni3 DIFFERENT METHODS OP ILLUMINATING 


iluco 101S.37; anti Willi respect to the measuies, we have 40.4 x 1S"99 = 524"79G, and 
39.53 X 13'.*277 = 524" 739 . In this instance the value of the scale could not have 1^°®^ 
(leuvod diioctly fiom the sun’s diamctci, because, as the ra.ignifying powei was 16^, the field 
of view was much too small to contain the whole of it 

Whon wo say that the pioducl of the focal length into the value of a division of the scale 
IS a comlml qiutnUly, w-e mean not to confine this quantity as belonging exclusively to one 
telescope, hut to lake it as a quantity by which a value may be given to the same scalo when 
applied to any olhci telescope, whatovci may he its focal length 5 foi this constant quantity 
1012“.S, divided by the focal length of any other telescope, will give the value of a division on 
the said scale. To show that this is the case, in piaclicc as well as theoiy, we may subjoin the 
following compaiativc measuies, taken by a scale of 203 .7 divisions in the inch, with tho tele¬ 
scopes No. 5 . and No. 2 successively with the foiinei instuiincnt the constant piocliict is 
76.25 X 1S''.277 ~ 1012".37, and with the latter tho value of one division on tlio scale 

will be V = ■“ ~ laigci telescope, having the divided scale in front of 

a positive eye piece, was fust diiccted to a small newly-paintcd window, at the distance of morq 
than a mile, tho bicadth of which was measuicd by exactly eight sqiiaies of the vitieous disc, 
and 8 x 18''.277 = 106 ". 2 l 6 was the mcasuic thus obtained 5 the same eyc-picce was then 
applied to the smalloi toloscopc, and when the adjustment foi good vision was made, tho same 
window, viewed fiom the same station, was moasiued by 4.5 divisions, as neaily as tlio eye 
could esUm.atG, and 4.5 x S3"AS = 105"43 was the lesiiltmg mcasuic, diffeiing about thice 
quniters of a second fiom the forraci mcasuic. Tho spidciVlino miciomctei was then ax>j)licd 
to No. 5 . telescope, and tho same object was measmqd by 4''075 i evolutions of the sciew, 
which, al 26M per lovoluuon, gave tho mcasuio 106*3575, 01 about a quaitci of a second 
more than tho divided scale pioducod, when applied to the same lclesco| 5 c. 

6 , A value may also ho given to a divided scale by any of tho methods we explained in 
our Inst section, if wo substitute a division on the scale for a ievolution of the sciew thvts by 
our fourth method ivc have the following computation abudged . vns. 

_ 1296000 " _ _ _ 1 296000" „ lQ’'qr,g 

76 .S5"X SxY.im X 203 .7 97591 .45 

If wo want tho number of divisions in the inch, flora the determined value of the single divi¬ 
sion, taken at 13",277, by levcising the opciation we shall have 

_ 1296000 "_ _ - 

76 ,25 V 2 X 13 .277 X 3.1410 6360.981 ■" 


§ XHn, ON THE DIPFERlilNT METHODS OF ILLUMINATING TUB LINES IN THE EYE-1>IE0E 
/ '’! ' OP A TELESCOPE [Pr.An8 IV VII XIV;] 

I 

I I 

1 . In our two preceding sections it has been presumed, that the spider’s lines and scales in the 
miciomotcrs will be visible in all celestial observations, made by night as well as by day, whereas 
the fact IS, that they are hid in daikness, except when the moon 01 some of'the largci planets 
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ai'C obseivecl, in all nocturnal observations, until some adventitioub light is intioiUiccd into tlic 
small tube that contains the miciometei, and the diffcient modes, by i\hich the illumination 
has been effected, will loim the subject of this section. The fiist method of mtioducing light 
into the telescope was by moans of a icllectoi of while papoi, held by a small fiarac attached 
to the objccL-ond of the main tube, in which it turned on pivots, like a small swing-glass, to 
any angle that tlic situation of a candle oi lamp might demand, to lelloct the lays up the tube , 
and that the object to bo viewed might not be excluded fiom the telescope, an oval hole was 
made at the centic of the icflector, such as would appeal ciiciilai, when placed in a piopei 
degioc of inclination. This contiivanco was in use in Bud's time, and the qiiadiants, which 
wo have scon of his constiuction, weic supplied with such an appendage. When acluomatic 
object-glasses became gencial, then cnlaiged apcitmcs would not admit ofbeing thus closed, 
without suffeiiiig gieat loss of light, and a loss objectionable mode of mtioducing additional 
light became a dosidciatiun. 

2. 'When Di. Uslici, of the Dublin Obscrvatoiy, had a now tiansil-nistuinricnt made by 
Ramsden, ho pioposcd to have the leflcctoi icinovcd Horn the objccl-cnd of the telescope to the 
middle, whcie the cone of light convciguig fiom the object-glass would have the diamotor of 
Us section duniiiibhod one half, and to make the axis of the telescope hollow with tubulai 
pivots, jo admit of the light of a lamp passing tluough to the loflcclor, when placed at an angle 
of 4'5'’, and poifoiatcd as bcfoie. This plan was approved and adopted with success, and has 
coutmued to bo the usual mode of illuminating a liansit-instiiimenl under ccilain limitations. 

3. Soon aftci tclcscojics bad been shoilcned, by the achioinatic constiiicLion of the object- 
glass, the WHO miciomotci began to be applied to them, and it became nccossaiy to illuminato 
then laics in the way the tianbil-uistiumont had been made to enlighten its lines m the eye¬ 
piece. If wo mistake not, Tioughton fiisL opened a ciiculiu hole in the side ol the main tube, 
above Us ccntio of motion in altitude, and placed an oval iing of gilt metal, dcivdenod so as to 
1 eflect a mitigated light up the telescope, in a piopci angle of inclination witliiii the tube, 
which plan is still in use, and is found much moio convenient than when the id’octoi was 
sUnalcd befoic the object-glass, because in evciy dcgieeof elevation of the telescope, the lamp, 
as in the case of the Uansil-instuimcnt, now icniams in a staiionaiy position, and yet gives the 
same illumination in kind, if not in quantity. 

4. In many observations wheio small stars aic the objects, the light, that is nccossaiy for 
lendcinig the spider's lines visible, conceals the slais fiom the view of the eye, and icndcis the 
obseivations cxticmcly difficult, nay often impiacUcublc j in these cases the quantity of light 
admitted icqiiiics to be limited by coiitiacted diaphiagms, or by daikening glasses of diffeieiU 
shades of coloui. Ramsden was accustomed to apply wedges of daik glass bekween the lamp 
and the hole into which the light was icccived, which, by sliding acioss li, modified the light 
to Slut the obscivalion j and sometimes similai wedges have been applied bcfoie the eye-picce 
to answci the same puiposc. Tioughton contiivcd an iiis, or vaiiablo diaplnagm, foi tlio laige 
transit-instiument at Gieenwich, which was intended to dimmish the qiiantily of light icfloclcd 
from the lamp, but which docs not seem to have been mucli used j and Dollond has contiivcJ 
a method of excluding a poition of the light by applying a vauablo squato opening befoie the 
lamp, and sometimes bcfoie the hole peifoiatod in the mam tube of the telescope. I'Vaun- 

a 2 
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liofei has also invented a lamp that throws light obliquely across the divisions of his glass mi- 
cioineteis, but in a foiwaid duectionj which lendeis the stiolccs, cut in a pccuhai nianncr on 
the face of the glMS, visible in a daik field, but as this ai list's method of making his Imca w 
not well known in England, we have succeeded in effecting the same piiipose by giving an oblique 
duection to lays that aie tluown in a backwaid dncction down the tube, so as ncvci to icach 
the eye* These thiee last contiivances svill be coinpiehcndcd fiom the biicf tlesciiptions winch 
we piopose to give in this section, 

Si Dollond's Lansebn — Fig. S of Plato XIV, presents a fiont view of Dollond’s lantern, 
foi limiting the illumination of a tiansit-instiument, to which it is seen applied in fig. I of the 
same plate, affbichng a side view, in both of which the Gieck chaiacteis aie made the lotlois 
of lefeience « shows the body of the lantern, and /3 its chimney, bent back to lake the hcnl 
fiom the telescope; it contains a small Aigand’s lamp within, which is fed with an by the tube 
y, ascending thiough the bottom, in which aie made eight large cncular holes, foi admitting a 
still gicatei supply of an. A milled nut 5, luseited on the end of a hoiizontal piece of wnc, 
caiacs a plnidn s, which is seen in fig. 3 acting with two lacks at the same tunc j the piqjocting 
pait of thelautein cariies a solid fiame of biass, in which two thin biass plates, lying close onO' 
upon the othei, svill slide up and down in a veitical dncction, and having each a lack on 
the side of along ccntial opening, admit the pmion e between them in such way, that when It 
IS turned lound, the plates will both move in conliaiy diiactions 5 the ends of these lacked 
idates aie seen attendand a little below llicir uppci ends they have each a squaio hole cut 
of the same dimensions, each side of winch is just an inch. When ifio two plates covoi one 
another their whole length, the two square holes coincide, and allow the light of the lamp to 
pass thiough the whole square inch; but as the pinion gives motion to the plates, the diagonal 
of the square, which lies in a vertical line, gradually diminishes,and the two huge squaics, moving 
in contiary directions, still form a diminished squaic as seen in lig. 3, whcie the dotted lines 
show the concealed poition of the intciioi sqnaic while the whole of the oxlciioi one remains 
visible, though not all open, in tins situation as much light only comes fiom the lam]i as can 
pass thiough the diminished squaie, which may ho reduced till the whole light is excluded. In 
a common sized instiumcnt the hand can icach the nut while the eye is viewing the object 
in the telescope, and can thus icgulalo the quantity of light that is ncccssaiy to bo admitted 
into the axis, foi the lequisite degicc of illumination, as it logaids both the spidci’s lino and the 

object viewed, The lantern caiiics two small pillais, t and *, winch enter two holes in the fiamc 
of the transit instrument in such way lliat the centie of the vaiiablc square hole is always 
opposed to the tubular pait of the pivot, and thcicfoie the light enteis {’eiitially, whatovci may 
be the elevation of the telescope. In addition to this diminution of the quantity of light, the 
qiiality is also modified by giecn 01 othei daik glasses, placed within the pi ejecting pait of the 
lantern, exclusively of a large lens that is intended to make the lays piocecd paiallel, con- 
vhf^ng, 01 diveiging, as the adjustment for distance fiom the lamp may occasion , and wlicn 
therq^ a.lens moreovei m the extreme end of the pivot of the transit’s axis, a fmthci inodill- 
eation maybe effected, of the iiatuie and extent of which the eye must be the sole judge. 

6 . Iiom this desciiption it is obvious, that the sliding plates pioducmg the variable 
squaic hole may ho placed, together with then flame, on the outside of tlio'tnain lube of a 
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telescope, and that a long handle, lying paiallel to the said tube, may be so placed as to give 
motion to the pinion , this wc understand was the contiivancc applied to the telescopes used 
by Mcssis. Iloischel and Soutli, when they made then obseivations on the double slais. 

7. Jones, of Cluuing Cioss, has given the sliding plates a cyhndiical shape, siimlai in cm- 
vatuic to the lantcin, and has included the whole appaiatus within the body of the lantcin, so 
that nothing but the milled nut appeals cxtcinally, and the whole flguio is that of an oidincuy 
lantern; which altciation simplifies the appealance, and retains the pioporty of hnutmg the 
quantity and quality of the tiansmittcd light. 

8. FnAUNUoFca’s Lami’.— To avoid the inconvenience occasioned by light tiansmitted 
dncctly up the tube of the telescope, the late cclcbiatod optician of Munich contiivcd to make 
lines on glass that will become visible on then edges, by means of oblique lays being made to 
fall on them, while the field of the telescope lomains dark, and exhibits vciy small stius that 
would become invisible in an illuminated field Fiom the cxpoiimonts that have been made 
111 London to imitate the sliokes made on this artist’s miciomclcis of glass, wo have icason to 
infei, that they aic not cut by a diamond, but by etching with the flnoiic acid, and by pic- 
pariiig an etching giound of such consistence, as is best suited for the kind of glass that is ex¬ 
posed to the gas, which irfust contain a large poition of the oxyde of lead. A tube of biass is 
fixed obliquely to the eye piece of a long telescope, as rcpiesonlcd in fig. 2, of Plato VJI., and 
locoivcs a second piece of smallci tube within it, which cariios the small lamp, that is conliivcd 
to be vciy light and suitable foi containing ardent spirits and a small wick, in such way that 
whatever may be the elevation of the iolcscopo, the mode of suspension will keep the wide 
veitical, and a lens in the outci end of the smaller tube, which turns lound to any position, 
condenses the rays, thus obliquely diiccted, upon tlic divided face of the glass. The lamp is 
sniiounded hy a cylindiical ho\, one end of which, tinned towaids the face of the obscivei, 
daikons the lamp, and at the same time guatds the face fiom the heal that would otheiwise 
scoich It. L'he lamp is seen detached in fig. 8. of the plate alicady icfciicd to, the pulls of 
which may bo undcistood fiom an inspection of the cnlaigcd figure. 

9. Tui.i.i.y’s new Illuminator.— “When we had inspected one of Fraunhofer’s lamps, 
put into oui hands by a fiicnd m London, who piociuocl one from the Continent, it occiuied to 
us, that the lamp might bo removed fuitber from the eye, by applying it to a toircstiial tube in¬ 
stead of a celestial one, and also that the loflccted lays might boicflocted backwaids down 
the main tube, so as to leave a daikci field than could be obtained by thiowing the lays ob¬ 
liquely upwaulsinlo the intcnoi face of the cye-tubc; and on applying to the younger Tulloy 
to execute oui plan, he accomplished the construction by phicing a concave roflcctmg ring 
within the piincipal tube, which being gilt with dead gold-leaf pioduces a yellow lint on the 
hues of a divided disc of glass, cut with a diamond by Tuiiell, the late pupil of Lowry, to 
whom we aic indebted for the coiicct execution of most of oui ongiavmgs. The repiescnla- 
tion of this illuminated teiiestiial oyo-picco is given at figs. 5 , and 0 . of Plate IV., the formei 
of which shows the cxtoinal appoaiance of the cye-piecc with the lamp attached, and the 
lattei IS a longitudinal section of the same, which explains the situation of the difiTcicnt paits. 
Tins cye-picce is composed of Ihicc tubes, of which a is the eye-end of the external one, 
which has a sciew at,the internal end attaching fi to the telescope, J is the visible end of the 
second tube that holds the pair of field-glasses at each side oi'd, and c is the end of the third 
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tube that holds tine pan* of eye-glasses, e is tlie diagonal leflecting iing that illuminates Uio 
hues on the glass discj^ anclg is a cnculai hole that admits the light of the lamp k tliat Imngs 
rn the small fiarac oi semi-gunbal that has its motion of adjustment m the small tube A, at* 
tached to the main tube a, by means of which the lamp can be put into its honzontal position 
in any degiee of elevation of the telescope, to which the eye-piece is scicwod fast When the 
tube c IS diawn out of tube b, it sepaiates the two pans of glasses, and Iheieby altcis the mag¬ 
nifying power of the tc[lescope to what may be requited to obtain the mcasiue of an object 
on the face of the divided discy', and distinct vision of the lines, and if the liist image of the 
object 13 adjusted by duwing out oi pushing in the second tube b, when the second image of 
the object and fiist image of the disc will be seen in veiled between the cyc-lcnscs, and as tho 
divided spaces on die vitieous disc,and the fiist image of the object aic alike magnified, llieio 
will be no alteiation in the value of the divisions, whatevci may be the allcialion in the mag¬ 
nifying power, This illuminated eyo-piece will apply to any lefiactmg, Newtonian, oi IIci- 
sclielian telescope, and will affoid the means of measuiing the distance between two vciy small 
stars in a field that 18 opaque, except that the stiokes made on the glass aie lendeicd visi¬ 
ble as a scale of meosui ement. If the divided disc had a cuculai motion to pul its hoiivonliil 
lines into any dcgiee of inclination, by means of a giaduated adaptm, it might be used also ns 
a position-miciometei foi dctci mining the lelativc situations of small slais oi satellites that will 
not beat the light of an illuminated field. 

10 If this eye-pieco woio substituted foi the positive eye piece in a spulci’s-linc micio- 
motel, when the disc is displaced, it would illuminate tho lines sufficiently to be seen in the 
opaque field, and would at the same lime give the natuial position of the slais oi other bodies 
obseived. The first hint foi adopting the use of a lotiograde leflcctor was given us by Mr. 
Mossolti, to whom it had beenpieviously suggested by Piofessoi Pictet of Geneva. 

11 , We have sometimes had occasion to use a reflecting mclined iing in the intciior pail 
of a terrestual tube, wheie the light of a lamp has been admitted at an apertiiie in the .side of 
the tube, between the two pans of lenses, and has been tin own m a small quantity lownnls 
the eye, just sufficiently to lendei the spidei’s lines visible, when a Tioughlon’s miciometcj is 
substituted foi an eye-piece, to measuie the second image of an object, accoiding to the plan 
above explained (§ XIX. 8 .), but this method of illuminating is both inconvenient luul 
impel feet. 


5 XXIII A NEW POLYMETRIC RETICLE. [Pi ah III] 

It When Rotnei^s reticle, Cavallo’s divuled slip of mother-of-peail, ot the disc of giaduated 
glaqs descubcd in oiij twenty-first section, sue any of them fixed in the eye-piece of a telescope, 
for tne puipose of measuring small angles, it seldom happens that an cntiie numbei of divi* 
sions 'wdl exactly measuie the object of examination, and as the fractional pait of a divisiaii 
must necessarily be estimated, the accuracy of the whole tneasiue will be vitiated by such 
estimation* Wo have theiefoie contrived a divided glass micrometei, that will not only render 
a certain number of divisions exactly commensurate with the linear dimensions of the object to 
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be examined, but will admit of a succession of such numbeis to be made sepaiate meaauics, 
which will check one anolhei, and affoid an avciago of seveial independent mcaauiesfoi a final 
icsult, on which account we have denominated li pofi/mcluc. This dcsnable piopcily do- 
pends on a vniialion given to the magnifying powei of the telescope, while the divisions of the 
scale icmain the same} foi it is as easy to vaiy the appaienl diametci of the object to be mea« 
suied, till it justcovcis a ceitain numbci of divisions on the scale, as it is to open the spidci's- 
lines, till they will include the object between them, except that, in altciiug the magnifying 
powei of a vauablo eye-piece, such as we have dcsciibed in § VI, it becomes necessaiy to ic- 
peat the adjustments foi the measiiic, and for distinct vision, alternately, till the eye is satisfied 
m both lespects. The vaiiable celestial eyc-picco icpicsentcd in figuics 15, iG, and 17 of 
Plate III. is well adapted for leceiving a divided disc of glass in the focus of the eyc-lcns 5, 
and the vaiiation of the magnifying powei is pioduccd by separating the field lens n, by means 
of the lack and pinion c, that move the innci tube j while the single siroko on the sliding index 
points out the quantity of scpaiation on the divided scale of the outci tube, to which the gia- 
duated circle d d, of 3} inches diainetei, is atlaihcd. When it is not icqiiiied to asccitain the 
angle of position, that any given lino makes with the honzontal orvoitical lino, this cnclo maybe 
disicgaulcd. The eyc-lcns and a disc of divided glass, which wc have named aicticlc,iuo m sepa¬ 
rate colls of hiass, that scicw into opposite ends of a shoiL lube, so as to bo adjustable foi good 
vision of the lines, and this disc-piece may sciow into the place of the cyc-Jons 5, when the cii- 
cle 18 not wanted, but when the angle of position, as well us th6 hnoai distance, is lequired to 
bcmcasinod, it must be made to slide into a socket, that sciews into the vcimcr piece shown 
in fig 17 , which is dclachcd fiom its place in fig. 16, for the puiposc of aflbulmg better 
explanation. This socket will also icccivc a set of piisms of lock ciystal, instead of the disc- 
piece, to foim a double image iniciomelci, for which it was ouginally destined, as will be ex¬ 
plained hcieafici. Wc have applied two separate disc-picces, one, sciowing into thcccntio of 
the cnclc, constitutes the smaltci of two seues of magnifying powers, and the olhci, sliding 
into the veinici piece, affoids a senes of lughei poweis; but both aie used with the same ficld- 
lens a } the eyc-lcns 5, seen m the figuic, being that which is used with the piisms foi nnolhei 
pin pose. 

2 . When the socket of the voinici, fig. 17, is applied to the img, fixed to the face of the 
giaduated cnclc d d, which it fits by fiiction, it may be turned lound by the piojecting pins ee, 
and the vcrniei, being in close contact with the limb of the ciicle, will load to single mimiles 
of a dogicc. When the veinici is put to zcioof the ciicle, which is divided into loin quadiants, 
by half degiccs, the disc-picco is turned m its socket, till the vcitical lines coincide wifii a 
plumb-line, while the foiraci is viewed m the eye-piece with one eye, and the lattei out of'the 
telescope with the other 5 then turning the vcimci lound by the pins e and e, will pul the di¬ 
viding stiokcs of the reticle into any oblique situation that an observation may reqtiiie, and the 
angle moved ovci will bo indicated by the veinieiyj which will be the angle of position. When 
the angle foimccl by a line joining two slai s with the honzontal 01 vci tical line is to bo measm cd, 
the paiallel lines, that constitute the 50 squares in each ducclion, being put into the lequucd 
angle of position, by giaclual adjustment, when the telescope is following the stars on an equa¬ 
torial stand, aie vciy convenient foi giving a succession of oppoitunilies for judging of the final 
position of the reticle, on which the tine raeasuic must depend j for if the stais aie ncai each 
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other, so as to be seen passing at the same time in pietl^ close succession, each line will iccclvo 
the ingiess of both stais at the same instant, as many limes as tlieio aie lines to bo passed over, 
and the obsei vei has time enough to satisfy himself, that the angle of position is ti iily obtained, 

S The scale on the outei tube, in fig 15, is about an incli and a qiuuloi, divided into 1^5 
paits, though the scale engraved thoie shows only 110 , and a hole made at the end of the tube, 
wild 0 it is joined to the cade, allows the light of a lamp to fall obliquely on the i elide, to iIIin 
inmate the dividing stiokcs made by a fine diamond, of which thcie aie 203 ,7 m tiic indi, 
inseited by Tuiicll’s engine. ‘When lineai distances aie mcasuied between two stais, 01 other 
objects, eithei a veilical 01 houzonlal lino must be Uiincd by the vcniici piece, or sliding tube, 
if the veiniei is not used, till it passes Ihiough both stais, and if any ceitam nulnbci of spaces 
on the leticlc happen to measuie the mtoival, lepicsentmg the included aic of a gical cncle, 
the position of the index, on the scale of the miciomelei, will be the aigument witli which the 
table, containing the coiiesponding factoi, must bo cnleied, and Ihetabulai numbei of seconds 
and decimal paitb given in the piopei column, m the same houzonlal line, must be mullijilicd 
by the luimbei of spaces that just measuied the said mtcival, and the pioduct will be the whole 
mcasiue of the distance in seconds of n gieat cuclo* foi when the angle is small, the me and 
dioid may be consideied as the same Uiiiig. But it will seldom happen that an exact measure 
can be had without alteiing tlie magnifying powei of the oyo-picce, and when tins is alteicd by 
tinning the pinion on Iho axis of the milled nut c, ihcie will be diflbient numbcis of divided 
spaces on the leticlc, that will bo successively comnicnsiuatc witli the small .uc to bo mcasuicdj 
and each position of the index will have a coiiesponding tabular fiictoi, so tliat as many pio* 
ducts may be taken as the vaiialions of power made use of will affoul. We have computed a 
table foi each disc piece numbei cd 1 and S, the foimei of which applies to tlio vcinici-piece, 
and the lattei sciews into the centie of the divided ciiclc, when the vcrnici is detached j tlic 
method of consti ucting which tables we will now explain. 

4<. When the vaiiablo eyc-piecc was applied to om lefiacting telescope, No. 5 , having a 
focal length of 76 MS inches, and the apcituic limited to 3.24 inches, with a good Dollond’s 
double-image dynametei wc took the magnifying powcis at the positions 0 and 100 of the scale, 

as explained in a formei section (§ XI), and found them = 140. 87 , mid == 91.58 

.023 .0354 

respectively, the diflcicncebetween which is 49.34 m 100 spaces, oi .4934' in one space, then 

having prepared the columns of Table I, and insciled the aigumenls fiom 0 to 125, avc began at 

aigument 100, and put 91.53 as the powci at that pait of the table, and by continually adding 

0. 4934 , that is, by applying 0.49 twice, and 0,50 once successively, as we ascended the column, 

,we ailived at the beginning of the table with the pioper numerals 140.87, and then descended 

from 100, by subtiacting, till we miivcd at the lower end, where 79.20 stands opposite mgw- 
meht 125. 

,,5 flaving now obtained the column of magnifying poweis coiiesponding to the scale of 
equal parts on the miciometer, we putthoir logauthms opposite to them in column S, and 
havitig pieviously ascci tamed that the magnifying power of the telescope multiplied by the 
value of a single division of the leticle’s scale (P V), will always be a constant ptodudi wliat* 
ever the argument may be, which pioduct in this case is 1914".4, the logaiitliinie values 
(log. V.) were obtained by subtracting the successive logarithms in column 8 from 3.28203j 
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the logauthm of the constant, and inseited in column 4, of which the natural nnmbeis arc 
given in column 5, as the piopei factors to be used with then coiiospondmg aiguments in 

every instance. 

G In like tnnnnei Table II. was constructed for the disc-piece No. 2. that has squares 
of siinilai dimensions, the magnifying powcis, at the positrons oi arguments 0 and 100, wcie 
found by the dynamctei to be 107 *01 ^9.51, and the chflcicnce m 100 divisions of the ic- 

ticie’s scale 88 .1, oi 381 in each unit, from the continual application of whicli, in the inannct 
that has been explained, the column of jiowcis was completed, and afteiwauls the olhci tliice 
columns by means of the logaiithm 8.10524, which is tlio logauthm oi’ the constant pioduct 
1463", that had been picviously asccitained to bo the pioduct duo to the lens of smaller poweu 
The tabulai quantities thus ausing aic contained in Table II, and we have given the columns 
of logarithms m both Tables to show that, though the powcis aic mnleiuilly diifcMcnl with the 
two lenses in the diffoient Tables, yet llio ./nc/o? 4 ui column 5., coi leap on ding to the cUflbient 
aiguments, aic vciy nearly the same, and would pot haps have boon precisely so, if the two 
lenses had occupied exactly the same place in the nuciomclci, as it has icfoioncc to the held 
lens a in the difleiont positions. Wo weie at first ,siu‘piised to find such similnuty in the fac- 
tois of the two Tables, with such diffcient magnifying powers} but when we iccolloclod that 
those powcis vaiy as (§ VI. 2.) in the cye-picco now used, and tliat J>' aucl d aic 

common to both Tables, while/alone diflbis, and wlicu we considci cdThiit the oyo-lcna lopve- 
sGUtod by/magnifios the object, oi lalhci its imago, and also llio toliclo ui the same propoilion, 
at cvciy position of lens h, wo poiccivcd that the cyc-lcna has iiolliing to do with the factors 
conlamed in the fifth column, though it is concoiiicd in the whole magnifying power as deter- 
mined by the dynamctci. The values of the faclous nio modified by the focal lengtlis of the 
object-glass and floUl-lcns, m conjunction with its distance fiom the eye Ions, while the last 
only assists tlio iiaLui.il powci of the eye, m lendeung the imago and scale visible at a .shoU 
distance, .uul thcicfoic uiidci a like cnlaiged visual angle, 

7. The subjoined Tables, computed foi oui icticulated miciomclci and tolcscopo 5,, 1o 
which they nic exclusively appiopiiatcd, will servo as models for the constiuctioa of siinilai 
Tables foi any otiici tclc.scope, and then construction and use maybe fuithei illusUalcd by 
the following examples. Wlicii the disc-jiiccc nuinboied 1. wa,s inseilcd into Iho voinici: piece, 
and applied to the telescope, a i emote object that subtended an angle ol‘5C4" .5, ns incasuiecl 
by a spidci’s-linc iniciomctci, was viewed when the index stood at position 100, andjiisL cover¬ 
ed 27 divisions, but when the index was moved to position 0, the s.uno object was measuicd 


by 41.54 divisions, as nearly as could be estimated} now 


504.5 


27 


one division of the leticlc at position 100, and 


564.5 
41.54 


13" .590 


20" .916 w<is the value of 
was ils value at zeio , 


thoicfoic wc h.id 140.87 X13" .59 « 1914" .4 = P V, and 91 53 x 20" .9lfi = 1914".4i=:P V 
also, hence this constant pioduct was taken as the basis of the fiist Table j and the constant 
1463" was deteimined m like manner foi the basis of the second Table, when the second clisc- 
picce with smaller powers was applied. After the Tables had been completed fiom these data, 
as above explained, we diicctcd the telescope to .1 small window at moio than a mile’s distance, 
and measured four panes, included within the fiamc that was painted while, with both the 

VOL. n. s 
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disc-pieces m succession, at tlnee diflfbient positions of the index, and obtained the following 
raeasmes 

With Tabic I. and its diac-piece. 

At position 30.7 X 1S".185=;106''.S95 

66.6 X17.677=106.062 }^106",217. 

103. 8 X 21.259=106.259 

With Table 11 and its disc-piece. 

At position SO.7 x 15".211=106''.477 

65.6x17 .660=105.960 ^ 10G".284-. 

102.5 X 21 .283=106.415 

8. These measures weie taken m the moining befoie the sun had emciged from llio 
clouds neai the hoiizon, when the lefiaclion was steady} and the iighUiand edge of both the 
lines was used iii making the contacts, that the thickness of the line might not bo included in 
the measuie, winch is necessaiy to be attended to in all cases j but the distance between two 
stais, 01 othci bodies m apparent motion, cannot be taken veiy accurately, unless they linve 
the same light ascension, so as to allow them to pass along two parallel lines, when the dis¬ 
tance has been magnified so as to produce the exact coincidence of both stais with some pair 
of lines, including a ccitain nuinbci of divisions. When the object viewed is so near as to ic- 
fluiie the telescope to be lengtlicncd beyond the solar focal length, the angle obtained from 

eitbci of the Tables will be too gieat, and must be diminished by as wc have already 

explained (S XX. 5. 6). 

9. La Lande has given a shoit notice of a reticulated micioinetci of Roinei, conliivcd 
for observing eclipses with, in which the twelve divisions aio capable of being ciilaigcd or 
diminished, till they will just include the diameter of the sun oi moon, so as to divide it 
exactly into digits, whatever the numbei of minutes and seconds may be at the tune j 
this alteration in the digits was effected by applying two object-glasses m the tube of the tele¬ 
scope, one fixed and the otiicr moveable, a separation of which lengthened the compound focal 
distance, and enlaiged the magnifying power, and with it the size of each of the twelve divi¬ 
sions that lepiesented the digits Ihe tube which held the miciomctrical eye-picco was 

consequently made long, to accommodate itself to the total length of tho tcloscoiio in each 
lelative position of the two object-glasses. 

10. Whether or not this constiuction was known to Dr. Brewster when ho applied two 
object-glasses in a sitrulai manner to his patent telescope, we do not piesurae to say j but hia 
intio uction of two paiallel lines, and also of two fixed points, to include the measuicd an- 
g e„ w len a due change has been produced in tlie magnifying power, depends on picciscly the 
same principle, and maybe applied to the same pmpose. If a reticle weie substituted for 

e wo paiallel lines, oi fixed points, as is done in our micrometer, the polymetiic plan of 

a mg seveial successive measures with such telescope would be equally feasible, though less 

ottvemen, patheu ai y with a powerful instiument, wheie the total focal lengtii must neces- 
saiily be greatly alteied. 


* Astronomic, Tome 11. Art 2367 
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f XXIV RETICULATED DIAPHRAGMS 

1. The ocular diaphragms of Cassini, La Caille, Biadley, and Wollaston cannot propeily be 
called micrometeis in the sense that we have used the tcim, but because they aflbid the data 
foi obtaining an aic of the spheie by dilfeiential obseivations depending on time, and con- 
veitible into space, we shall consider them as belonging to the single imago class of mi- 
ciometers, as the Geiman opticians and astronomois have done, who liavc only varied the 
form, but have iqtaincd the piinciple of the contuvance. Indeed La I-iande has calledleticles 
Qeticules) tlie most simple kind of miciometeis. [^A&tron, ait. 2860.] 

2. Cassini’s. —The hist leiiculated diaphiagm that was used m making legulai astrono. 
inical obseivations, was by the Parisian astronomer Cassini j but whether the inventoi was 
John Dominic, or his son James, oi his grandson Cicsiu Fian 50 i 8 (Cassini do Tinny), who suc¬ 
ceeded one another at the obscivatory at Pans, is not now quite ccitiun. T’ho field of view, 
afforded by a thin plate of biass, constituting the ocuhn diaphiagm, was divided by ioui 
equidistant diamctiical wiics ciossing one another at so many angles of 43° at the centio, as in 
I he annexed figuie. 



In the square piece of shoot brass A B C D, formed with light angles and of equal sides, the 
lines AB, BC, CD, and BA, aie bisected by the lines JS F, and GII, and the diagonals A C, 
and BD, ciossing at the common point of inteiscclion, give the centre fiom which a circle, 
equal to the mtondod diaphiagm, is diawn and cut away in a lathe, oi othciwisc, vciy exactly} 
then four diamctiical fine wues laid over these lines complete the loticlc, ivliich is placed m 
the common focus of the object-glass and cyc-piece of the lelescojie to be used} which may 
be cithci fixed in the meiidian, oi have an equatoiial motion, so that the vertical line, iS F, 
may bo pait of a circle passing thiough the pole, and the line G II pai'allel to the equa- 
toi, The tube which holds this diaphiagm, must be at hboity to turn lound, to adjust foi 
the hoiizontal position of the equatorial line, as well as to diaw out foi distinct vision of the 
lines, that they may have no paiallax when the eye moves a little towaids the light or left. 
3 hose adjustments will be known to be propeily made when a star will run along the line GII, 
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Without deviation, viewed in all oblique diiections by the obseivei himself, whose eye must be 
the judge, and, to save time in making the adjustments, the stai may fiist be biought to the 
cenlie of the diapluagm, and befoie it quite disappeais at the edge of the ciicle, it will bo 
seen whethei it ascends oi descends, and how much, foi in that situation a slight tin u of Uio 
tube will bung it upon the line, which will then be veiy neaily pauillel to the equator, at tlio 
fiist tiial. The piincipal use of the leticle, in any shape, is to take diffbiences of the right 
ascensions and declinations of two stais, the place of one of wluch is known, oi of n star 
and planet, oi comet, by the aid of a sidereal clock or othei time piece which keeps coucct 
time foi a shoit inteival. 

S. When the known stai piecedcs tlie object to bo compared with it, and is seen coming 
into the field, the telescope’s scicw of slow motion m altitude must bung it upon the cqua* 
tonal line Gf/, and the exact second must be noted when it passes tlie veitical line J*!F, 
while the instiument IS fiimly placed m this position, oi, having an equatoiial motion, is not 
fai out of this position 5 then supposing the second body to be to the south of tlio know n 
stai, and the eye-pieco to bo of the celestial kind that invcits, it may be expected to come into 
the uppei pait of the field when viewing the southcin pait of the heinisphoic, 01 the con* 
tiaiy; let the minute and second be maiked down when it is first seen at K, and also when it 
disappears at L, and if the ohsoivation be caiefully taken, the mean between the two times 
will bo the moment when zL passed the line MF &t M, wluch may also be observed as a check 
on the othei obsci vatioiis, 01 this last may be taken alone if the second stai has passed Uie 
line XI bofoie it was noticed, thou the difibicncc of the tunes of passage of tho two ob* 
seivod bodies will bo then difieionco of light ascension, which added to the known or com* 
puled light ascension, eithei mean 01 apparent, of the fiist body, will bo the ughl ascension of 
tlie second, m the same denomination. The ciicumstance of the fiist slai’s running along 
the equatoiial Imo is a pioof, that the line at right angles to it is an lioiaiy line, even though 
out of the mcudian of the place. 

4i. With lespect to the diffeieucc of decimation, as the angles MKL, and MLK, 
aie both angles of 45°, when the angle KM I is a light angle, which it will always be wfieii 
the line 6 IIi% paiallol to the equatoi, the distances MIC and ML, aie equal to one anothoi, 
and each equal to MI, the diffbienco of decluialion when the time is convcited into space 
and 1 educed to the cquatoi. The 1 eduction is made by multiplying the small aic, found fiom 
the time of serai duiation, by the cosine of the known star’s declination, whicii, being nearly 
the same as the declination of the second body, will give an appioximate difFcionce, that 
applied to the decimation of the known stai, will give veiy neaily the declination icquticd, 
then with the cosine of this appioximate declination, tho coirect dilfcicncc may bo found. 
When the value of the whole field in minutes of declination is known, the pi opoi tion belong¬ 
ing to the inteival between the two obseivcd bodies may be assumed ncai enough by 
estimation, foi finding the cosine of tlic decimation, when used only as an argument, which 
assumption will save the tiouble of a repetition of the computation If the clock uidicatct 
true sideioal time, 01 if the interval is shoit and the daily late small, the light ascension and 
declination thus deduced will be as collect as those of the star fiom which they aie doiivod, 
but if the clock is too fast or too slow in consequence of a considerable latc, a piopoitionabic 
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pait of the said rate must be applied to the inteival obsezved, and, if it be solai lime, it must 
moicovei be leduced to sideieal time, by the pioper table given at page 109 of oui first 
volume. 

5, When the planet, comet, or other object to be compaied with a known star, follows so 
closely, that thcie IS not time to have the cquatoiial line QH pi opeily adjusted to Us tiue 
position, the obseivation may notwithstanding be made, and afteiwaids collected. Suppose 
that the visible line of passage be, as in the following ligiuo, along the line Ag, which is not 



paiallel to the line IIQ, theicby showing that the lines K It JS J, and L I of the diaphragm 
should have been coincident with the dotted lines hit and /J, then the fust half of the 
inteival observed, aht will be longci than the second, he. Now if wo call the formci interval 
?», and the lattei ?i, we shall gam the object’s distance fiom the ccntic of the diaphiagm, when 
It is on the hue c / by the founula, 

m* + w*' 

which will bo the inteival of time to bo reduced into a small arc of a great cticlo, nccoiding 
to the naluic and duration of the tune indicated, to give the chfTerence of clochnation. The 
distance of the point b, iloiii the line e 7, on which the coiiccliou in light ascension depends, 
will be had by the following foimula. 

n — w* tn 

mua ■ ■ ■ bi 

m* \ n* 

and this quantity added to the lime of the obscivcd passage at b over tlio displaced hoiniy 
lino, will give the time of passage over tho rocliiicd hoiaiy lino c/, hut if the hist inloival« J, 
be smaller than the second inteival he, the displacement of the diaphragm will be on the con- 
tiaiy side, and the coriccUon will be subtiactive. When the two intervals«i and be are 
passed m like tunes, it will be a pioof that tho cquatoiial line GII of the duipliragin is in nd* 
justment. 

6, The objections which Bindley had to the use of Cassmi’s diaphuigm were, Hist, that 
tile ciossmgof all the wuesat the centre of the Held cinbaiisissccl the obsotvalion, by conce^b^ 
mg the known stai at the vciy place where it was most rcquiiccl to bo seen, in adjusting tJie 
cquatoiial line j secondly, that two out of the four quadrantal nics weie useless in taking the 
time, except so fai as they showed the lino G Ilf atid gave notice of the star’s appioach to¬ 
wards an mgicss into the line K J, when tho body did not pass in a small choid above M , and 
thirdly, illumination was necessaiy to londei the lines visible, which was not admissible when 
a veiy small stai oi a comet was the object. 

7. Rhombus,’—Tha figure which Bindley preferred, and of which lie is said to have boon 
the contiiver (though the tiulh of the asseition has lately been doubted by Valtz of Nimc.s), 
was the rhombus, which is given at the head of the next page} 
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In the construction of this figure three conditions must be strictly complied with} fiist, the 
hues ON and FI, which aie the equatoual and hoiaiy lines, must be placed tiuly at right 
angles to each other j secondly, they must foim couect diagonals of the ihoinbiis F L IM, 
and thu dly, the shortoi diagonal must be piecisely one half the length of the longei, foi un¬ 
less the figme he couectly made, the obseivations will be chaiged with eiiois that will escape 
conection. We have copied this chaphiagm fiom La Caille’s Ccelim Ataliale Stellijeium, 
which was his thud, oi le grmidtStmk, and was apphed by him to a lefiacting telescope of 
S(3 inches SL lines (Piench) focal length, made fast to a fixed quadtant each side of the sqimio 
was 15,4) lines, and the vcilical field of view, F I, was deleimined to include an aic of 0® 50' 
10" with this slendei appaiatiis the assiduous Picnch astionomei obsoived the compaialivo 
light ascensions and declinations of the 1940 stais, which aie contained in liis Stella) um Aits- 
tralttm Catalogus The observations weie begun at the Cape of Good Hope on the SOth of 
Septembei lydl, and finished on the 05th of June 17 A 0 , and were leducod to the epoch 1750. 
Out of the 25 zones into which the space between the Tio 2 nc of Capricorn and the South Polo 
were divided, each containing 0° 40' oi 0® 43', the zones 8, 9, &c. to 01 inclusive wcio ob- 
seived witli this diaphiagm. 

8. When the equatoual line, 0 N, of La Caille’s laiger reticle was adjusted foi the pas¬ 
sage of a stai, the Vidiie of the shoit diagonal, M L, was the first thing to bo asccitained, winch 
by the passage of scveial equiitonal stais was determined to be T 05' 5", when the tune was 
leduced into the aic of a gieat cncle. Then as the vcifctcal height of each tiiangle of the 
ihombus is equal to the shoit diagonal, the path ol anybody moving paiallel to the shoit diago¬ 
nal, will always cut off a similai tnangic, and the veitical distance of such path fiom the com¬ 
mon apex will bear the same proportion to the veitical distance of the laige tiianglo, oi to the 
small diagonal, its equal, that the value of the diagonal in time, is to the obseivcd time of the 
passage ; foi instance, fiom I to m, Theiefoic when the time of passage of any body, moving 
along the line Im is counted and leduced into a small aic, tins aic multiplied by the cosine of 
the coiiesponding decimation, must be apphed to the knOwn decimation of the standaid stiu> 
with the sign + or —, accordmgly as it has greatei oi smallei decimation, which may always 
be known from the passage being m the uppei oi lowei tuanglc, La Landc has given this 
general lule, which will apply m all cases, viz. 

9 “ Take either the sum or the difference of the intervals m time employed m the pas¬ 
sages, when conveited into space and multiplied by the cosine of the mean declination, when 
it IS the diffetence, the diffeicnce of declination will be had without computation, when it is 
the sura, it must be subti acted fiom the value of the longer diagonal, oi twice the value of the 
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shoitei diagonal, and the lemainder will bo the diffeienco of declination.” Hence the values 
of the diagonals become of no irapoitance when the two stans oi othei objects pass in diffeient 
tuangles, above and below the small diagonal, fot the diffeicncc of declination obtained fiom 
the sura of the aics applied to the known declination of the standnul star, will at once give the 
lequiied declination. The light ascension, as in the use of Cassini’s dinphingm, is obtained by 
applying the time of the object’s passing the vortical line F /, oi winch ought to give the same, 
the middle tune between the moments of ingioss at 0 and cgicss at Nf to the known light 
ascension of the standaid star, this quantity must of coiusc have a positive oi negative sign, 
accoidingly as the object follows oi pieccdcs the standaid stai. 

10. As an example of tlio use of this loticlc, La Limde wishing to compaie the place ot 
Moicuiy with Spica Vnginis, on tho mounng of the 14th of Novcmbci 17(>3, obscivcd this 
stai’s ingiess on the cqiialoiml wue at S'' S2'" 12‘, and its ogicss at 5'‘ 25"' 24% fioin which an 
inteival of S'" 12% oi an aic of 48' 0" was deduced, which quantity mulliphcd by the cosme of 
9“ 55', the stai’s declination at the time, gave 47' 17"> which was the mcasme of tho shoit dnigo- 
nal of Ins leticle, and also of the pcipondicular of one of its two liiaiiglos, agiccably to the con- 
stiuction of the figure wo have lefcried to. Meicuiy was scon cnlcung the iippci |)iiit of the 
tiianglo at/atG'' 15™ 4’, and leaving it at 0" 17" [)*} then convciting the dillbicnco of tho 
inteivals 1"7' (3’" 12’-S'* 5’) into aic, wo have 1(3'45", winch multiplied by the cosme of 
9® 55', the known declination of tho star, winch passed thiough tho middio of the field, gives 
16' 30" foi the diffcicnce of declination between iSpica Viiginis and Mercmy, agiccably to the 
flist part of the general uilc. With lespect to the light ascension it appears, from the re- 
coidcd tunes of cgicss and iiigiess, that the passages of the two bodies, ovci the hoiaiy hno 
F 7, must have boon at 5’* 23" 48% and at 6'' lO™ icspcctivcly, and that the difference 
52" 184* convcited into aic, at the rate of 23'' 55'" 50* lor 360", because the clock’s daily 
loss was 14* per day, will be 13“ 0' 54", oi 52'" 37%0 in time, for the diffciencc of light ascen¬ 
sion between Mercmy and Spica Vnginis, at tho moment of Mcicury’s passage, which was 
computed to be 18'* 16"' 6* tiue time, on the 13th of November 1763. 

11. With respect to the three objections which Bradley had to Casbini’s i cticlc, he has 
avoided two of them} he cleared the central part of tho dinplnagm from the confusion occa- , 
sioncd by so many ciossings, and by making the boundaiy lines bioad, so as to conceal tho 
body for a short time bcfoie its jngress, he could mark it and also the egiess without illutmnn- 
tion} and when the passage was in the iippci tiianglo, the dark solid paiL concpalccl the body 
altogethei, when the egiess had taken place, and thus gave notice to the obscivci that the 
passage took place above the small diagonal. 

12. La Caille constiuelcd Ins second diaphragm with the same longer diagonal veiy 
nearly, but with tho shoiter one dimimsbed one-half* the value of the foimei was 2" 49' 29" 
of a gicat circle, and of tho latter 42' Tho figuie was that which is hei.e subjoined * 
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This was called h peiU relicule, but was used in piecisoly the same way that has been 
explained, it diffeis fiom le grand rMtcule onlym the length of the shoit diagonal, which' 
admits of the passages being pcifoiined in less time. It was applied, as well as a pan of pa- 
I'allel plates including an angle of IS' 20", in deteimining the places of the stais included in 
the flist eight zones, beginning at the pole, wheie the appaient motion was slow The foui 
last zones weie obseivecl with the fouitli, oi h moi/m lekcule, which was constiucled like the 
thud, except that the solid dailc tiapezmm was in the opposite coinei, 0 L IC, which thcio- 
foie iaced the west when the instuiment was tinned to the noith. Its longoi diagonal sub¬ 
tended an angle of The stai Syiius was gencially used, foi detennining the time 

and going of tlie clock,*a3 well as the ineiidional position of the quadianl, by equal cncum- 
nieiidian altitudes, and the I 70 slandaid stais, maiked with an asteiisk in the catalogue, had 
then light ascensions and decimations detei mined in the same way 5 and from these the othei 
stnis had then places compaiatively denved by the simple use of the lelicles, which slais weic 
chiefly of the fifth and sixth magnitudes. Besides the catalogue heie mentioned. La Gallic 
obsei ved 200 principal .southcin stnis, between the yeais 1746 and 1752, by the method of 
equal eastern and western altitudes, which aie leduced to 1750 also, and given, togclhci with 

the obseivations, in Iik jtsii oiioinuti Fundawentat W© shall piobably have occasion to give 
some examples of these methods heieaftei. 

IS. In the seventy fifth volume of the Philosophical Tiansaclions of London (1785), the 

llev. Fiancis ’iVoDaston has given the formulae by which the diffcicnces of light ascension and 

of declination may be computed flora obsei valions taken with Bradley’s ihombus, when its 

cquatoiial line is not adjusted parallel to the line of passage of the slais, winch may be applied 
thus: 


Let the angle MFL^ in either of the pieceding figiues, which in the laigei 
ihombus 18 68’ 26' G", be called.. 

The small diagonal M L, when tlie value is known. 

The laigei inteival, between the oblique and hoiaiy wiio ...... w 

The smaller intcival, between do. in any star’s passage ... . , . n 

The laigci intcival of a second stai 
The smallei do. 


i i « • f 


« « « t 






* « i « t * 4 « 


9 


•w 

w V n “ tawgent of the angle winch the smallei diagonal makes with a paial- 


lel of declination, which call y j and 2) = 


2, (n </> t). sill (g -I- g) 

R, siu a 


X cos yj and d AR = 


2,(«coj’). sju « + 17 „ 

22. sin u ^ 1? 1 wlieie dD \s the diffeience in declination of the two stais 

counted m time on the hoiaiyhije, winch must theiefore be conveited into arc, and multiplied 

by the cosine of the mean declination j and d AR is the diffcience of nglit ascension between 

tie same stais. If the two larger intervals only, and /*, weie obseived, the same diffeiencos 
may be computed by substituUiig (« - q) foi (» + y), thus 


r/2) = ^ sin (a - g 

21. sin a 


X cos dD 


'dAR - sm (a - q) 

R sin a 


X Sin 5 = if AR. 


\ 
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When the stais pass in diffeicnt tnanglcs, above and below the small diagonal, the diffcience 
of each sl.u fiom its neaicst angular point -Foi / may bo scimialcly computed by the foimulro 

™ X cos j, ami x sin 

li , Sin a JR. sin a ^ 

14. The piactical application of these foimnlm is voiy easy 5 foi, when y is found, its Jog. 
cosine may be put down in one column, and its log sine in anolhei, then imdei eacii the 
constant log. sine of (« + (/), .ind also the aiithmetical complement of sine a, winch, being 
added together, will give two sums foi the compaialivc obseivalions of cveiy slai winch may 
pass the field tlnough the same diajihragin, in llio same position. When llic value of the field 
IS gieat, and also the diffcience of declination, the icsnlls will bo more coiicct by using the 
appioximule decimations, as bofoic dnccted, instead of the declination of tiic ccntie of the 
field. 

15. Ml. Wolhiston pioposed an impiovcmcnt in Cassini’s icticle, by insciibing Ins squaics 
within the cnclc of the field of view, and placing one of the diagonals, Ji F, m a vcitical posi¬ 
tion for the lioiaiy line, and the othei, G IT, foi the equaloiial line, by wluth means any of 
the foin included small squaics may be used .scpaiatcly, and the obsoivations, made in a pan 
of them successively, will check one anolhei, ns well as the piincipal obscivalion made in 1 I 10 
laige light-angled Inangle, The annexed figiiio will explain the impiovemcnt, 



1 


In this figuie the diagonals, being equal to one another, afford a longer passage of a stai, 
which conlubntos to the accniacy of the obscivalion, as well as loaves n laigor portion of the 
field open for the obsoivations. The fonnula' of La Landc above .applied to Cassini’s icticla, 
IS equally applicable to this figuic, when the line G H is not placed nccmatcly piirallol to a 
ciiclc of decimation. 

10. These icspcctive diapluagms maybe cut out of a sheet of idled biiiis, and placed, 
when tinned ciiculai, in the focus of the fiist lens of a negative eyepiece, 01 othorwiso 
befoic the common focus of a positive cyc-picce, m the lallci of winch positions the eyc-pieco 
may be changed foi one of laiger or smaller powci, as the obscivation mayiequnc} and if 
the stiokes are nicely cut with a diamond, ot eaten by fluonc acid, on a piece of clear glass, 
with faces peifectly paiallcl, the lelicic, pioperly illuminated, will be a pietty addition to the 
eyepiece, pariiculaily if the contammg cell be made to lake out by sciewtng, when not 
wanted. But, to use the woids of Mr. Wollaston, whose opinion on this subject wo may von- 
tine to quote, “ what is heic offeicd is by no means to be undoistood as iccom in ending any 
system of wiies in piofeicnce to actual moasuiemcnt with a micrometer, but to lendci the use 
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of them as convenient as may be, to such gentlemen as m e not provided with bctlei instru¬ 
ments,*' 

17. Dr. Bindley added to the duiphiagm a toothed aicli with an endless sciew, impelling 
It, as an adjustment foi position, bcfoic the achioinatlc piinciplo had shoitcned the icfiacting 
telescopes, but now the adjustment of the equatoual line may be easily made, by simply turn, 
ing round the loose diawei tiiat holds the eye piece, 01, if not loose, an adaptei that has got a 
Ciiculai motion. 

18. The leficulate'd diaphiagras, m common with all the othei species of imciomcters, 
give comparative obseivations that requiie no collection foi lefiaction, 01 foi abciralion and 

nutation, since both the bodies, being adjacent, have veiy neaily the same collections. 

19 . M. II Flaiigoigues, of Vivieis, has shown, m an inteiesting meraoii published m the 
fiist volume of Zach's Conespondance Aslronomque (p. 351), how Biadlcy’s ihombus may be 
applied to deteimine the place of any spot on the sun 01 moon, while the appaieiit low'd limb 
IS passing in contact with the shoiter diagonal. He has iheie proved tins geneial thcoicm, vin. 

“ The line passing tlic ceiitie of the sun, in the mteival of tune between the flist oxteiior 
contact and the flist inteuoi contact, is equal to the line which passes Ihiough the .same conlie, 
in the 1ntc1v.1l between the second inleiior contact and the second exterioi contact, and the 
two lines .SIC each equal to the hue which the centre of the sun dcsciibes within the [triangle 
of the] ictide.” This theoiein supposes the powei of tlie telescope so small, that the whole 
dianietci of the sun may be contained m either of the tw6 tiiangles of the leticlc. When the 
Hist limb lotichos the flist oblique line, it is called the flist cxteiioi contact, and when it quits 
the second oblique line, it is called the flist inteuoi contact, and the second exteiioi and mte* 
1101 contacts aie when the second limb aiiives at the same situations, but the points of contact 
will not fall m tlic same paits of the lospcctive lines at each contact While the passage ol 
the sun's centie is thus twice taken, by means of the four contacts of Ins limb, with the two 
oblique lines of tjie tiiauglo, the spot's passage ovei the tnanglo m.ay also bo obscivod, and 
ftom the dififeiencc of the choid and of the diamclci of the sun, obtained fipm the diflciciice 
of the limes of the two lespcctive passtvges, the declination of the spot may bo clcteuninecl by 
computation, while its ught ascension will be had fiom the mean of the limes of its nigicss 
and egicss, as though it wcie a star. Foi instance, if we put T foi the time of the interval 
between the two cxteiior and intciior contacts of eithei limb of the sun, acioss Biacllcy'a icti- 
ciiLsted ihombus; foi the time of passage of the spot obseived 5 and d D for the cliiFcieiice 
of the declinations j we shall have d T) [T — , ^15 , cos dec o)* Fhe tune d must bo 

subtiactcd Horn T, 01 2'fiom d, accoidingly as Tis greater or smaller than d, which latio will 
sliow wiiethoi tlie spot is above oi below the sun's centie. 

30 The time of passage of the Sun's centie over the longei diagonal may be had by diicct 
obseivation of the two limbs oyer this line, for a mean of the two times will be the time of 
passage of the centie, fiOm which the difleience of light ascension of the spot, and of the Sun's 
centi'e, m.iy be immediately had without furthci computation. The author liowcver has 
shown, how the time of passage of the Sun's centie over the middle of the reticle may be com¬ 
puted fiom the obseived contacts at the oblique lines, by knowing half the angle subtended by 
the shoit diagonal j anti also how the value of the choid described by the Sun’s centre may bo 
deteimmed fiom tlic inteuoi contacts alone, in case clouds should intervene j but as the clucct 
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ineasurement Will always be pieferable to a deduction of this kind, and as the imciomeleis 
which measuie aics of declination, without refeience to the itme of passage, will give moie 
satisfactoiy lesults, we will leave oui leadcis to giatify thou cuiiosity by a peiusalof the whole 
memoit. 

21. The difficulty of foiming the acute angles of Bradley's rhombus with pcifoct accinacy 
induced Flaugeigues to piopose anothci constiuction for that whicli gives the two diagonals as 
2 1 lie obseives that the constiuction of an oqiUilaleial tuanglo is the easiest to be welt 

accomplished of all geomeliical nght-lined figuies j and as the long diagonal of a ihoinbus, 
constiucted of two cquilateial tiianglcs, is to the slioit diagonal as ^8:2, ho pioposcs to 


/ 3 

multiply the diffcience of the two choids of passage over the i elide by y -— } in which case 


instead of the formula above given we shall have 

15. cos dec ©)«(T- . (12.99CM'. cos doc ©)} 


and if the mtegialnumfaei 13 be substituted foi 12 .QilO'l', the ciioi lu the result will bo iiisen- 
.sible. 

22. When the leticulatcd diaphiagm had undoigono all the changes of lignio that the 
exigences of piactical astronomy seemed to lequiro, M. Bcnj. Valt!!, of Nimes, Aom a. cousi- 
delation of the difficulty of pcifect constiuction, and of perfgcL rccliflcatiou of the oilhogonul 
position of a ihombus, of any dimensions, invented a new ligiuo, which lie conceives to bo 
piefeiablc to any of its picdecc&sois, and winch he has desciibed in the lliiid volume of iho 
Correspondance Asltonomique above refeued to (p. 353). lie points out the inconvcnionoes 
atising fiom tlie inscition of diagonal lines, as well in Fhuigcrguos’s as in Biadloy’s conslnic- 
tion, and also m that of M. Moutouo da llocca of Coimbia, which makes the acute angles o.u’h 
of 45*, without the use of diagonal lines and then pioposes two paiallel choul linos lo ho 
drawn in a ciiclc at the distance of indiiis, with then opposite ends umlcd liy a single tliago- 
nal, like the Gieek capital Z, as is represented in the subjoined figuio. h'lom thcoxlioim* 
points A B of the diameter of the ciicle A OBJ), witli the same ojicning of the compass whitli 
desciibed the circle, he sets off the two aics of CO*, A C and B J)\ then joins naeli pan ol 
points by the lines A D and CB, which will ho parallel, and the icticlc is coiistrucLcd as in the 
subjoined figuie. 



The author says that a thin plate of metal, thus maikod, may be cut out by Aling, till the lines 
delineated foim the edges of the nanow flat laminm left by the filcj but as this would be a 
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difficult opeiation, he pi eposes to lay flat meUllic threads, with stiaight edges, ovei the points 
oil the cncumfeience of the ciicle, by siipia-positiou on one face of the ciicle, which will be all 
seen at one adjustment for vision, with a Campani’s eye-piece of large field, which wo undei. 
stand to be of the negative constiuction ; aftei which he pioposes a fouith smiilat flat thread of 
metal to he laid on the othei face of the perfoiated plate, foi the equatoiial line, with its edge 
ovei K H, which being used foi no othei puipose hut to adjust fbi tlie equaloiial position, may 
lemaui out of distinct vision when once adjusted. The equatorial line was at fiist placed at 
light angles to tlic diagonal A B ovei E G, but it was found on tiial to be moie convenient to 
lay it on the line K II, at light angles to the paiallel lines, by which means a small poition of 
}:he field of view only was lendcied ineffective, 

S3. The obseivations made with the equatoiial line in due adjustment aie called oitliogo- 
nal, as being in light lines paiallel to the cqiiatoi, and when they aio so made, the angles 
foiined at the veitex A oi B, will be exactly 30°, and its cotangent will be y/ 3 = 1 . 78^5 
theiefore if we put tfoi the intcival of lime taken up in passing fiom the fiist to the second 
hue, when leduced to the aic of a gieat cucle, foi the first stai, and I' for that of the second 
slai, the diffetencG ofllieu decimation will be 

dJD = 1 .732 (± .( 1 ); 

and the diffeienco of light ascension will be had fiotn the tunes of passing the middle of llie 
space included between the paiallel lines, which times will be the means between the c\acL 
tunes of the lespective mgicgses and egiesses of the two bodies, 

When the equatoiial hue E H is not paiallel to a cucle of dophnation, which will he 
the case when the telescope has not a paiallactic stand, and is out of the inciidian, it becomes 
necessary to compute the angle of inclination I from the known mteival T li between the 
parallel lines, and the observecl oblique line E G reduced to a gieat circle, which is always 


known by cos ^ whcie a lepiesents the aic T R, and b the aic C 11, In all the oblique 


passages the scmiaicsii Q and Q C will be unequal, but if we designate cilhci of them 
r foi the fiist stai, and r' foi the second, and make 4 P the difference of the collection of the 
passages at one of the paiallel lines, and call D the known declination, we shall obtain the 
li langle A Q.R thus . 


I 


A R ^ 


Q R sin AQ.R 
sin QA li 


2 T sin (Go” ± I) . 



and in the light angled tiiangle, PR = A R&h\ P A R = 2 L sin (G0° ± /) 
also . . A P = P R cotang P A R =: PR cotang I 

consequently we have . d P — 2 (+ r + 4) sii\ I. sin (60° + /).(i?) 

and likewise . . d D = 15 d P cos D, cotang 2... .,(4i). 

The correction foi the diffeience of light ascension, d P, may be computed fiom the formula 
marked (3), and the diffeience of decimation fiom the last foiraiila (4). The obseivations 
taken at all the thiee lines will give two lesults, and therefore afford a convenient veiification. 

@5. When the stais observed are neai the pole, the paiallel lines alone will suffice foi 
giving data for the computation of the diffeience of light ascension, and fot the unknown 
decimation JD', piovuled the leticle be adjusted for the cliuinal motion; foi the foimei may bo 




heticulated diapiihagms. 


]4g 

had from the mean times between the lespective ingi esses and egresses, and the lattci fiom 
the foiraula 

15 , 
sin ~ t 

Cos. i)' = cos. D — 

8in — t 

The doinonstiations of the diffcicnt formulas may be seen in the aulhoi’s own communication. 

26. In a long and mteiesting MO/e, which Zach has subjoined to tlio lotloi of VallK pub¬ 
lished by bun, he observes, that this leticiihu system possesses sovoial ad vantages, which will 
piobably iccoramend it to the notice of puictical astionomcrs. In the fiist place, at loquiios 
no illumination, secondly, it docs not lequuo the dimensions oi values of its lines Lobe known j 
and thiidly, it may bo used out of exact adjustment to the paiallol of dcclumlion, because 
lastly the collections foi the eiiois aiisiug fioin wanl of adjustment, aic of easy computation, 
lie lecommends slips of lin-foil, ot of oiled diawmg-papcr, to be .suhslitutcd foi wiios, in foim- 
ing the paiallol sides of the duipliiagm, winch would give notice to the obscrvci of the mgicss 
and egiess of <v luinmous body in tlio absence of light, iSuch laminni might bo laid on the face 
of a ling of thin biass, made minulai in a lathe, with their straight edges coincident with the 
points pieviously niaiked by the divideis, by incnns of a gummy substance,, 01 Imid spiiit vai- 
insh, by any dexterous amateur. 

27 . Wo shall conclude our account of reticulated diaphragms by desciibing Fraunhofer’s 
neAmicromclci, which icquiies to be used with a lamp of peculiar consli action alicady 
described (§ XXII. 8.), the piincipal intention of which is to deloimine the relative situations 
of double stais. We aie not awaie that this miciomctei has yet been hi ought into much use, 
but as Piofossoi Stiuve has applied one to Ins Inigo lofi.icting telescope, astionomeis must feel 
an interest in the natuio of its const! uction. Fig. >i< of Plate VII is an enlaigcd lepicscntation 
of a disc of (jilate?) glass, which the late cclcbuilcd Gounnn optician divided into two sets of 
paiallol lines, crossing one anolboi m the same acute angle, and placed in the common focus of 
the object-glass and cyc-pioco of a lefrncting telescope, in a cell that admits of a ciiculai 
motion. The linos that lun pniallcl with the diametrical lino of, maybe adjusted to siand 
vcitical to a stai’s circle of declination, and in that position the oblique light of the lamp will 
illuminate both the voilical and oblique paiallol lines, which it would not do so well if the 
latter woie hoiizontal. The dilTciences of light asccustou and of declination may be deter¬ 
mined fiom the obseived times of the passages of diffcicnt stais when the telescope lemains 
fixed in the meudian, 01 is placed on an equatorial stand out of the moiidian. The foimnla 
for compulation will of course depend on the exact magnittulo of the acute angle adopted lu 
the constiuction, which has not been specified in the account given by Schumacher (Astro- 
nonasche Nachnehien, No. 43.), but may ho dotoimined when the angle clioscn is convenient 
foi computation The distances fiom each othei of both llie vcitical and inclined lines, as 
well as the angle of ihclination, aie known, andthercfoic the pioportion of the times of tiansil 
of a stai tlnough the veitical to those of the inclined parallel lines, will affoid data, foi cletoi- 
inming the position of those with icspect to the paiallol of declination. The gieat number of 
lines affoids the means of making several observations winch on an average will give right 
ascensions and declinations equally exact, whelhci the diflfercnces of declination be gieat 01 
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small. When the iliffeience of light aecension is small, as m the case of double stars, the 
tiansit of both stars cannot well he obseived over the same individual line, but one of lliein 
may be obseived at the first, and the othei at the second line alteinately, till the observer is 
satisfied with his obseivafcion; and should the net-woik experience an alteiation of position 
fiom any cause, it will in all probability be detected befoie the computation is commenced. 
The ingenious artist contiived an engine, by which he could cut stiaight paiallel lines at ills* 

tances so small as -— of an inch fiom each othci, and to be ciossecl by other parallel hues 

lOjOOO 

at any given .ingle of decimation; and in the ncf-inierometer he formed the parallel lines 
at such a distance fiom each other, that the inclined intervals beat the same piopoition to the 
veitical inteivals, that the cosine of the angle of inclination beais to ladius, so that ftbout ns 
many tiansits will take place ovei the inclined as over tlie vertical lines. To avoid the dif* 
ficulty of counting a numbei of lines placed at equal interstices, five lines only aie diawn at 
equal distances fi’om each other, and the sixth hne, including the fiftli interval, is cut at the 
distance Of one interstice and a half 5 yet the whole value of any nnmbei of inteivals may 
always be known, provided it be noticed how many of the latgei kind are included in tlio whole 
nuinbei. When the cell containing the disc is attached to a levolving giadiiated chclo, the 
position of a hue uniting two stais may also bo pieasiued, by fiist adjusting zciq to the cqim« 
tonal position of the line fg^ and then turning the divided disc louncl, till all its parallels suc¬ 
cessively leceive both tlic stais at the same instant, as they pass thiongh the field , which con- 
teinporaiy ingresses may be eflfected by lepeated adjustments and subsequent tiials, wlien the 
telescope is mounted on an eqnatoiial stand p^opetly rectified. We have alieady given the re¬ 
sults of some expeiimental measurements made with this miwometer by Piofessor Sttuvo< 

cs XII. 7.) 


§ XXV CIRCULAR AND ANNULAR MICROMETERS CPi-atp VII ] 

1, It has fiequently happened that asti’onomeis have been obliged to make use of a simple 
telescope in obseiving celestial phenomena of rare occuiience, when no miciomctei 01 other 
gtaduated mstiument has been at hand, in winch cases the circiilai diaphragm of a negative 
eye-piece has supplied the place of a miciometer. Boscovich appeals to have been the first 
author who pioposed to adopt the use of a circular miciometei, m a disseitation published at 
Rome in the yeai I 789 , which was inseited m the Acte& dQ Leipzig of 1740, the title of which 
was ** JDe Observatiombus Astronopiicis et quo peiUngat eurundein certitudo ” Ho explains how 
the ingiess and egtess of a luminous body may be ofiseived in a daik field, winch is not the 
case with tlie line-miciometers; and states that the ciicle of aberration of the lays in the tele¬ 
scope will not altei the figure of the field of view. 

S. In the year 1742 La CaiUe, having occasion to observe a comet, availed himself of 
Boscovtcli’s suggestion, and gave an account of the manner m winch he used a ciicular flekl 
of view with success, in a memoir published by the Royal Academy of Sciences at Pans of the 
same year. the following is a tianslation of his own woids. “It has happened to me twice, 
namely, on the 4tli of March and the 27 th of Apiil, when I could not piocuie a leticle, tiiat 
I employed a method [^of obsetvingj which may be veiy commodious on many occasions, apd 
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which IS susceptible of gicat piecision when sufficient piecaution is taken 5 it consists lU ob- 
seiving only the instants at which two siais enloi into and depaiL fiom the field of the tele, 
scope. foi if the field is exactly ciiciilai (which it is possible W effect by a diaphiagm turned 
in a lathe), and if its diametci is known by obseivation, the paths acioas it may he considered 
as two paiallel choids, wbidi are given irt a ciiclc of known diamctei. The diffeienco of the 
tunes at which the two stais anivc at the middle of then paths, will be then ascensional dif. 
feicnce; and the distance between the two chords, which is easily computed, is equal to the 
diffcicnce of then declinations, which will bo tlicmore coiicctthcfaithei the two sUus pass fiom 
the cenlie.” This paiagtaph shews that La Caillc unclcistood the piopcilics of a ciiculai 
miciometei, and also the mannci of using it with the gioatest advantage. M. le Due dc 
Cougliano obseived the passage of Venus over the suifs disc in I76I, with an English Gre* 
goiian telescope of ^0 inches, by means of its ciiculai field, the value of which he ascoilaincd 
by obsolvations of both the .slais and sun, iieailyin the same manner as Olbcis and Bessel 
have done since. But though these instauccs of the utility of n ciiculai diaphiagm weic on 
lecoul, it is lomaikablc that none of the Contmciilal 01 ICnghsh astionomeis paid attention to 
them, till in the ycai 1798 Doctoi Olbois icvivcd the use of the cuculai micioineloi, which he 
successfully employed m obseiving the newly discovered planets. Tlic sliglil notice whicli La 
Lande, Kdstuei, Koch and othcis had taken of the ciiculai micrometer, did not piovenL the 
ingenious discovcrei of two out of the four minor planets fioni applying it to a purpose, that 
fiunishcd elements foi the compulation of the rcsjicctivo orbits of these waiuleiing bodies, and 
of vatious comets that have been since discovoied. Indeed, wo may attribute the great atten¬ 
tion, that has lately been paid to the mbits ol‘ comets, to the successful use that Di. Olbois so 
judiciously and successfully made of this little contiivaiicc, though applied to a telescope of 
but small magnifying powci. 

3 . M. Bessel, whoso oxlrnoulinaiy talents have foitunaloly been devoted to the piomotion 
of astronomy, both tlicoietic and piaolical, lias hanclioned the lovival of cuculai micioracleis 
111 Gcimany, but the Fionch, IliUian, and English asltonomors have been Uudyai following 
his example. Long computations nic tioublesoine, and instiumont-makcis aie now so expcit, 
that they supply the means of gaining direct moasiuemenls of small aics without the tediousness 
of aiithmctical deductions, 01 the counting of seconds m observations, which aio continu«ally 
ohsUucted by the unwelcome obUusion of clouds, Still howevei, to obseivers tiavelling, aiul 
on many intciesling occasions when laigei appaiatus may not be at baud, a portable te¬ 
lescope with a icticuhitcd or with a circulai diaphiagm, may londei unpoitant services, The 
value pf the diameter of a cuciilar field will vaiy inversely as the focal length of the telescope, 
and may be detcimined by viewing a giaduatcd staff at any distance, and noticing how many feet 
and inches can be included at that distance when accurately measuied j foi llie corresponding 
angle may be computed 01 taken fiom our Table in Section XX,, and cm reeled foi celestial 

ohseivations in Iheiatio of the solai to the teircstiial focal distances 

But the two eminent astionomeis, Olbeis and Bessel, have given foimulm by wliicli the value 
of the diametei of a cnclc, cuciimsciibmg the field of any telescope, may be deteimined fiom 
celestial ohseivations, which foimulm we will piesent to our leacleis in succession. 

VOL, n 


r 

1^), as thoio explained, 

1/ 


u 
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4, Di. Olbers pioposes to obseive the passage of the sun's disc across the field of the 
telescope to be used, and to maik down the times of the exteiior and inteiioi contacts of botli 
limbs on the ciiculai cucumfeiences of the field of view, at the moments of entry and de* 
paitiue, he calls the interval of time elapsed between the two extciioi contacts m, and the 
inteival between the two interior contacts n, he denominates the tunc of the sun’s semi- 
diainetei’s tiansitfoi the day in seconds^, and the said semi-diainetei m aic d'^ the two last 
to be taken fioin an almanac j then the radius of the eiiculai field of view will be expicssecl 
hy the foimula 

(m+n), (m~n) . d 
167 • 


This method diffeis fiom Boscovich’s only w this icspect, that he uses the sun’s cliametci and 
declination instead of tlie diameter and time of passage. 

G. Bessel makes use of two adjacent stars that will both pass thiough the field in suc¬ 
cession, while the telescope remains at lest, he calls 5 and the declinations of the two stais 
of which the difference d, is neaily equal to the diametoi D of the ciicle used, and t, T, the 
respective inteivals of time occupied by the stais in passing the whole held or choids of the 

circle, then lie has cleinonstiated (hat D~d=. 0 ,^ 2^^ 



hut in general (he fiiSt teim of the foimula will give the diameter with sufficient accinacy. 
When the diapluagm is ci ossed at i ight angles through the centre by two spidei’s lines oi vciy 
fine wjies, which is often inserted on the diapluagm of an oidmniy negative oye-picce, the pas¬ 
sage of a known stai along the equatoiial diameter will give the value at once, by the inlcival 
of its passage tuincd into aic, and multiplied by the cosine of its decimation, which may easily 
be done when the cucle is dcscubed on a disc of glass that shows the slai on the c'Stoiioi 
ung befoie it enteis the ciiclc, provided the telescope has an adjustment foi slow motion iri 
altitude. 


6 l?ig. 5 of Plato VII,, loproseiits an enlajgcd disc of glass divided by Fiaunhofei’s ma¬ 
chine into concentiic ciicles, and applied to lus lamp cye-picce, winch wo have described 
(§ XXII. 8 .), wlicn enclosed in a biass cell fitting the tube of the eyc-piecp. In this circular 
iniciometei, which has been used by Soldnei, the smallest circle appeals to the naked eye ns 
a small dot, and can be distinguished only by a magnifiei, the number of circles included in 
the field depends on (he magnijfying power of the eye-piece • iq a telescope of five feet foetd’ 
length magnifying 110 times, five ciicular lines only aie seen, including the diminutive one* 
m a middle sized eye-piece magnifying 63 times, eight of these lines aic visible, and with tho 
lowest eye piece magnifying 4'5 times only, eleven lines aie within the field. As the passages 
n|ade ovei oi neai the centie of a cucle, and also too near the circumfeiencc, aie both dis¬ 
advantageous, the fiist to the computation, and the other to the observation, the concentuc 
ungs affoid (lie obseivei the choice of a ciicIe as the stai is passing, that shall be most com- 
inodioua for lus obseivation without altenng the position of his telescope, which must not bo 
distuibed till both bodies liave passed and in many cases more rings than one may be used, 
pai ticularly when the known star has consideiable declination, and therefore a slow motion 5 for 
tlien the differences of light ascension and of declination may be sepaiately computed for eacli 
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ling. The dianicteis of the eleven concentuc nngs were measured with a good microscope 
by the makei, and dctei mined to be of the following dimensions, when the Paiisian inch w 
taken as unity , via 

l.= .00S8 7.=:.M.Q6 

S.=: .024.3 8.= .5261. 

3. i= ,084-0 9. =1 .6338 

4..= .1678 10. = , 71 78 

5. = .2513 n.= .8012 

6. = .3590 

One hall of the contiguous diflciencos ol' the diametcis will show the bieadth of each intoistico, 
which aic not equal to one anothei, but on an avei ago, with the ioloscope used, the time oi 
passage fiom one line to anothci at the equator, was about 10 seconds, and of coinse moie 
when the declination was considciablc. 'J’he whole tunc of passiige over one of the huger 
cnclos was dctcimined by a known slai of small poltu distance, when the telescope was made 
fast, and then icduced to the cquatoi} and fiom this passage the piopoitional values of all the 
othci diaractcis wcie computed horn their tabular dimensions. When the cqual0u.1l values ol 
all the concentuc citclcs weio thus determined, it was not necessary that two stais following 
one anothci should pass through the same circle, the separate values of which woic known, 
but tluit the passage of each should be a choid to the ciiclo that it was observed in, bccauso 
tlic computation gives the distance of each choid from the common con tic, nnd when the de¬ 
cimation of that ccntio is known, the diflbicnees applied to it will give the declinations of llio 
observed bodies when the limes are reduced into aics of a gieal circle, as wo shall presently 


explain. 

7, The practical difliculty in using this miciomelor with concontiic cnclcs, was in obtain¬ 
ing an eyc-piccc that would give a distinct view of both 1 he small and large cn clcs, at any one 
point of adjustment; winch is a difficulty that must icmain insuperable, when the magnifying 


powci is considciable. It was found neccssaiy to place the divided face of the disc of glass 
towards the eye of the obseiver, and each eyo-picco had a suitable diaplnagin foi limiting llio 


field propelly, as well as a second diaplutigm nearer the 


oyeJens, to intcicept that portion of 


light coming fiom the lamp, that does not fall on the disc. The largest ciiclo, as might be ex¬ 


pected, was not so well illuminated as the resi, but was only used witli the smallest power 
occasionally. If the oyc-pieco had not tlie distance between it^Tcnsos well adjusted, theie 
would be a distoition and colouration at the exticine circle of iKo raicromctei, which would 


lendei it useless at any adjustment for vision. It does not appeal that this miciomctei has yet 
been much used, and therefore future cxpeiimenlal trials must prove how fai its utility will 
contribute to the convenience or coiroctness of differential obsei vations. 

8. The mostimpioved consluiction of the cncular miciomelor, as last made by the late 
Fraunhofer, has a cu cular hole made in the centre of a disc of glass, to the edges of which a 
ring of steel Is made fast, and afterwards truly turned 111 a lathe, and made thin at both the 
exteiioi and interior edges. This iing, when the disc that holds it is in the oye-picco, and ap¬ 
plied to a telescope, appeals in the field of view as if suspended in the atmosphcie; and the in¬ 
strument IS iherefoie called the suspended annular micrometer. Fig. 6 of Plate VII. gives a 

V 2 
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jepiesentation of this miciornetei, of just double the size of one, which we had an opjioituiiity 
of examining, and was made to apply, like the discs in flguies 5 and 6 , to the lamp eyo-piecc 
shown in figine S. The advantages of tins iing aie, that by being fast to the glass, it is not 
liable to have its shape alteicd by accidental injury, or by change of tempcraluie, which might 
affect lings dxccl by means of radial aims, connected with the biass woik, it has finei edges 
than could be given to biass, and will admit of double observations being made by immcisions and 
eraeisions, at tlie e\teuoi and inteuoi edges of the ring, even when the illiimniation is nnpeifcct, 
01 when theie is no illumination at all, and lastly, m common with othci cuculai inicioincleis, 
it lequues no lectificalion foi the parallel position of a diatnetiical line the only lequisile 
necessaiy to be deteiniined, with a telescope of a given focal length, is the tunc of passage of 
an equatoual stai ovei the diameters of the external and mteinal edges of the iing. II IheiQ 
had been a spidei's lino oi fine wue, bisecting the iing exactly in the centie, and adjustable 
foi the eqiiatoiial position, the ladius of the ciicle might have been detciminccl in any dcgioo of 


elevation, by the foi mtila r c= 15 


i-l 

T~ 


, cos. d, in winch the path of the slai la supposed to 


be fiom Q to Q\ having its ingress at 0 and its egress at O', at the coi i c&ponding times I and t' j 
^ being the declination of the centie of the cncle, equal to that of the obseivod slai • but as 
there is no line passing tluoiigh the centie of tho iing, a diamotucal lino taken by estimation 
will give an incoiiect, or at least an unceitnin moasuie of tho ladius, by this simple founula} 
and theiefoic the method of Olbcis, oi of Bessel, above explained, must be adopted in 
piactice, 

Ayhen the annular iniciomctcr is applied to a telescope, and has the value of its equa- 
toiial radius couecLly determined with that telescope, it may be thus made use of in an aptual 
observation that IS to be made foi the pui pose of compaung tho place of a small planet, or 
comet, with that of a known star, m neiuly the same paiallcl of declination j the telescope 
must bo dllected towards the body to bo obseived, and left in such a steady position, that it 
may desciibe a choulof the inner caclc, which has a bettor edge than tho outci one, fiom p to 
p'i then note tho times r and r'coilosponding to the instants of ingicss and egicss again, 
keeping the telescope in its place untouched, note the tunes of ingiess and egicss of the known 
slai, as at s and s', and call the lespective times shown by the same clock 6 and O' 5 then will 
the lespective times of passing the middle poinia li and k of the choids p p' and $ s', be denoted 

points of menn passage being both in the hoiaiy line NS, the clif- 


foience of the light ascensions tlieiefoie will be, in solai, ot sideieal tune, as the case may bp, 

t'- y-r 


d Alt = 


% 


provided the clock has no late that sensibly affects the interval. The 


determination of the diffeience of declinations lequues some computation, but is deiived fiom 
the same data j thus, if we call A' the estimated declination of the planet 01 comet, and A the 
declination of the known star, we have the semi-choids 





15 cos. A', 






. 15 cos, A} 
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then put sin x — 





sin A’' 




r 


, (r'—r) , cos A' 




and wc shall have C k — t cos a' — the distance of the clioid s s’ fiom C; 

C h ~ t cos a' = the distance of the choid p p' fioin C, 
whence we obtain the diffcience of decimation d D =: r (cos .i’ — cos a/). This foiinula sup. 
poses the two aics to be both on one side of the ccntio of the iing, but when they aie on 
opposite sides it becomes d D ~ t (cos x + cos a*'). When the obsoi vations arc made with 
refeiencc to the outci edge of the img, the fiamc inode of pioceednig must be piactised with 
the aics r t' and <r fr\ and in case the computations aie made foi both pans of choids, a mean 
of both may be taken as a inoie coircct deteiinination than can be expected from cithci 
separately, unless thcic should piovo to be a gicat dlsciopaiicy in the two, which, in that case, 
renders both observations doubtful A nccossaiy precaution in using tins annulai iniciometoi 
IS, that the passages be at a distance fioin the ccntic, and also not too neiu the uppci oi 
lowei edge of the iiiig, foi icasona that have been above adverted to. Foi the diflbiont foi- 
nuilfc that Bessel has applied to the vaiions cases that may occui, the iciidci may refoi to the 
Momdichc ConespQmle7i% ol'Baton Zach, Vols. XVII, XXIV, and XXVI. 


^ XXVI LA CAILLE'S METHOD OE REGI.STt-MllNG AND REDUCING THE ORSERVATIONS 

MADE WITH HIS RETICLES 


1, Though nn oxpeiiencod astionomoi will, wc tiiist, compichcnd the dosciiplions ol the cli0eicnL 
ocular diaphragms, used as inicioinotois, which wo have given in the two preceding sections, 
and bo able to apply the formula!, icspcctivoly annexed, to the compulation of the obsorvations 
made thciowith, yet as the young observe!, for whoso use this woik is chiefly intended, may 
lequiic some direction with respect to legistcring lus obsoivations, that nothing may be leil 
chargeable to his memoiy, and with i cspcct to i educing them when it may suit his convenience 
aftoiwaids, we will piesent him with La Caflio’s method of proceeding, as a model for hisprac< 
tico, which he may safely adopt as the result of much cxpouenco. 

2. In order to give the observations, made by a leliculatcd diaphragm, all the piccision they 
aie capable of, La Cailie paid paiUcultu atlonUon to his clock, on iho going of which the accu. 
lacy of his lesults mainly depended} as he had no transit instiumonl, ho look coircsponding 
nltitudos of aceiUin number of pimcipal slais, on each night of obseiving, to the east and west 
of the mciidian, of which numbci Sinus was gcneially one, which could always bo obseivcd at 
the Cape of Good Hope, whcic he made most of his obsoivations; m this way he could ascei. 
tain the lato of his clock within half a second flora day to day. The clochnations of the same 
stais wcie also deteimined by a gicat numbei of meiidianal obsoivations, taken by a sextant of 
SIX feet ladius j they aie marked with an it; in the catalogue of southoin Stais, included within 
the tiopic of capricoin, and reduced to the yeai I 75 O, as being the stmidm'd stais fiom which 
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the places of the otliera were derived., Though the observing telescope was made fast to a 
quachaiit well fixed in the meiidian, yet if some one at least of the puncipal stars was not ob* 
served on each night, the obSeivations of that night weie rejected as unceitain } and the ob- 
sei rations of seveial nights weie i educed to the same epoch, while they weie going on, to en- 
sale then cgmpaiative coiiectness. This caieful and expert obseiver however confesses, thah 
notwithstanding he employed all the caie and attention that long expeiience pointed out as 
necessaiy, in making his observations in zones by the instiuraents at his command, yet he 
cannot pionounce tliem entitled to confidence, on the scoie of correctness, within less Ihan/wr^ 
a mmute of a gieat cuclc. His object was, to include in his catalogue all the southein stais of 
the fiist to the sixth magnitudes, the diffeiences of which he jticlgecl of by the naked eye, fiom 
their comparative biightness, and maiked them «»/S, y, &c. accordingly on cleai evenings, but 
he obseived moreover a great vaiiety of smaller stais, which he put down as being of the sc-, 
venth magnitude, which he did not icduce. The leasons he has given foi inaiking down his 
observations on these unreduced stais aie, fiist, that he might obtain a moic pcifect knowledge 
of the southern hemispheiej secondly, because it was as easy to obseivc scveial stars smaller 
than those of the sixth magnitude, at theii ingiesses and egicsses in adaik field, as it was to 
observe large atai'S, and frequently more easy, by leason of the absence of luminous radiations j 
thirdly, to avdid fiilhug asleep in the intervals, making up a peuod of seven oi eight houis of 
watching} and foiii thly, because whoever may wish to foim a complete catalogue of stais of the 
sixth magnitude, may be able to admit oi i eject any poitioii of those obscivcd stars, which aie 
put down as being of the seventh magnitude, at any tunc hcieaftci. The authoi has given 
sometimes one and sometimes two days* observations m one page of Ins Ccelum Aiistrah Slelh- 
ferim, and at another page, at the same opening of the book, the taLIes that are necossaiy foi 
die leductions, of both which we shall give exact specimens at the end of this section, as the 
book is now scaice, after having exemplified the application of them to their icspcclivc uses. 

3. The purposes foi which the small Tables aie intended, appear from their titles, but tlie 
mode of applying them remains to be illustiated by examples, as well as the method of com¬ 
puting the light ascensions and appaient differences of decimation fiom the tunes of thein- 
gresses and egicsses, as they are tabulated from the observations. In La Lande’s example of 
Mercmy compaied with Spica Vngims (§ XXIV. 10 .), the star was made to pass along the 
equatorial wire, and the value of tlie shoit diagonal of this astionoinei’s leticle was that aiising 
from its tiansit, viz 47' 17 ", winch his geneial lule supposes to be the casein single obscivations 
of the same kind 5 but the same lesults will acciue if wo hike the mtoival of Meicuiy’s pas¬ 
sage (fr** 17 " 9’ — fi*" S’" 5% foi liaving converted it into aic (1875") and multiplied 

it by the cosine of the star’s declination 9 * 55'(.985), we shall have 1846".875, 01 in lound 
numbers 1847"—30' 47", which, subtracted from the Value of the leticle’s peipendicular, 01 short 
diagonal 4*7’ 17^ wall leave, as before, 16'30" for the diiference. When theiefore two bodies 
tha'tare to he compaied togethei, both pass out of, but paiallel to the equatorial wire, their 
distances from thatwue in declination may be sepaiately taken, provided the value of the 
short diagonal be exactly known, and then the sum or difiei ence of those distances will be their 
diffeietice of declination accordingly as they passed in the same or in different tiiangulai parts 
of the letiole j and consequently when the declination, of one of the bodies is previously known, 
that of the other will be obtained by applying this difference with its pioper sign. With 
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lespect to llio light ascensions, they are derived diicclly fiom the clock by mediating between 
the moments of visible ingress and ogress, 

4). But when a niunbci of stais aie ob&eived in succession, as was La Caillc’s piacticc to do, 
the position of the i cticlo must fii st be ascei tamed by the passage of a known stai along the equa¬ 
torial wuc, 01 by othci means, such as the giaduation of a good in&tiumcnt put into due adjusl- 
mOnt, when the uppei and lowei points of the letiole will, fioin construction, have then places 
asceitaincd also, fiom which points the obseived stais will have their declinations moic easily 
computed than fiom the cquatoiial wiie, because it is the peipondiculai disUnce fiom the 
angulai point of either tiianglo of the leticle, that is equal to the line of its passage paiallcl 
to the oquatoi, when that lino is icduced to a gioal cncle. It was fot this method that La 
Caillo constiuctod his Tables, which we will now exphun. 

5, Table I. gives the coi i ection of the clock to be applied to the time of tlie meridian passage 
of any stai, oi othci body, in the lectificd position of the reticle, with its propci sign. Table II. 
which IS sometimes incorpoiatod with Tabic L, gives singly the collection m iime ausmg fioin au 
inclination of the vei tical diagonal of the reticle, which can best be determined from the obsci va- 


iiona tlicmsclves coinpaicd with one unolhei} for which purpose a vcitical line bisecting the tu- 


anglcs would he useful. Table HI. gives not only the position of the icticlo with icspect to de« 
clinalion, but will give the declination itself, by inspcclion, siilllcicnlly near to be used as an ar¬ 


gument foi the loquirod cosine of the dcclinalion in any parallel of the i cticlo, the star’s iiilci- 


val 111 time being used as the aigumcnt of tins Tabic, Hence the first lioiiuontnl line gives tlie 
declination of each angulai point of the loticle, uilhe iippci and lower paits respectively, at the 


ajgument 0“ O’, oi whcie tlie slai is scaicely visible, and the diflbicncc of these tabular num- 


beis will iilwaj's bo found equal to the v.aliio of the longer di.igona! of the icLicle j so that when 


the exact paiallcl of the cquatoiial luie,iepicsentod by the shoil diagonal, is asccilamed, apply¬ 
ing one half of the long diagonal thoicto, with opposite signs successively, will give the quanti¬ 
ties belonging to the first hoiizonlal lino of Ibis Table, and the successive linos coricsponding 
to the diflbicut equal inteivals aic computed, on a supposition that the long diagonal is just 
double the length of tlie shoit one. Thus in the Table for Zone V,, for winch the small 


1 elide is used, the value of its longer diagonal is 80" S9' 1''—77® S9' 11"=2® 4>9’ 30% and in 
that foi Zone XIV., the value for the laiger icticlc is 55® S9'1"—52® 49'8"=: 2® 4 . 9 '53". 
Table IV., which for the convenience of punting sometimes piccedcS the one which is used 
befoio it, contains the amount of the quantities necessary for 1 educing the into the 

true mean places of the stai observed, as they arise fiom refraction, piecessiou, aberration, and 
nutation solai and lunar j the mean place of none of the bodies being known, and the reticle 
being adjusted to the apparent place of a known star. Tliesc quantities woio not so well as¬ 
cei lamed in La Caillo's time, as they ai 0 at present, by reason of the constanls not being exact¬ 
ly detcimined. In copying the tables we have designated the columns of time different fioin 
columns of m^c, which the author has confounded with one another, and has thereby lendorcd 
bis Tables ambiguous, until their construction has been investigated. 

0. In exempliiying the'use of these Tables, as they have reference to the tabulated obsei- 
yations, jt will be convenient to give the examples for the larger reticle used m Zone XIV. 
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filst, because the quantities must be put down as they come fiom the Tables unalteied, by 
leasoii of Its slioit diagonal being just one Iialf the length of the long one. As tlie stais ^ 
Aiaj and <p Aigds aie the standard stars, of which the places aie deteiinined by othei instiu- 
ments, on May 17 and July 18,1752, we will fiist show how they coiiespond with theobsciva- 
tions made of them by the laige leticle on the same evening, by giving the opeiations at full 
length. » 



1 . 


Foi Right Ascension, May 17, 1752. 


Tabulai ingi ess of ^ Arse . . . 

16* 

37' 

n 38' 

Egiess . .. 

16 

38 

24 

Difference. 

0 

0 

46 

Half the sum. 

16 

38 

1 

Table I. and II. for time and inclination . 



+ 18 

Eight Ascension.. . 

16 

38 

19 


16 

38 

18.5 

Reduction fiom Table IV. ► 


j 

-15 

Reduced to Januaty 1750 . ... 

16 

38 

4 


by clock 


=ithc inteival in time. 

sthc tune of meridian, passage. 
Tioin Aig. 55“ S3' dec. 

J 

by the reticle. 

by the equal altitude instrument. 


=24.9” 31' 0" 


Foi Declmatkn. 


Interval 46' x 15 x ,5656 (cos. 55“ SS') = 390" 264=: 
Declination of the uppei point of the reticle 


6' S0".264 subtiact 
55° 40 19.0 fioin Table III. 

. 1 ■ ■ .. . ^ 1 1 t I ■ 


1 


Appaient declination as obseived . . 

Reduction to Jan. 1750 from 'Table IV. 

\ 

.Mean declination due to the epoch , 
Declination given in the catalogue . 


55 33 48 736 by the leticle. 

(55 33 49 by the sextant) 

— 11 with aig 16'’39 

55 33 37.736 

. 55 S3 81 


* 
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Example 2 . Foi Right Ascension, May 17> 17^®* 

TabuLu ingicss of <p ArgAs . 9" 45 “ 53 * 

Eg! css . 9 49 41 

.. . 

Diffeience ... , . 3 48 =tlic intcival=:228*. 

Half the sum . . . 9 47 47 =:Umo of the mericl. passage. 

Tables I. .and II coi. . . . +26 with dec. 58° 24'. 

I II I im 111^^^^ 

App.aient light ascension . . 9 48 13 by the reticle 

(9 48 13 fiom equal altitudes.) 
lloduction fiom Table IV. about . — 0 

... H'ljllBlilW .lllll 

11. A 1 educed to Jan. 1750 ... 9 48 7 =147“ 1'45'' 

A ccoi ding to the catalogue . . . 147 152 

f I'lp'la ■ I W I ii iP 


For DecUmUon, 


Intel val 228'X 15 X 5962 (cos 53“ 24')=3039''=: 33' 59" add 

Tab. doc. of lowci point of leticlo . ... 52“ 50 19 


Appaient declination. 

.53 

24 

18 

by the reticle. 


(53 

24 

18 

by the sextant.) 

lleduction fi om Table IV. about . 

1 « * » « 

-1 

12 


Bcclin.Uion reduced to the epoch , 


23 

G 


According to tlio cat.iIoguc . . , 

.... 53 

23 

12 




Foi Right Ascension, July 18, 1752. 


Tabular ingress of ^ Aiai . . . , 

Egiess ... ... 

DifFeicnce.. . 

Half the sum. 

Tables I. and II. cor. .... 

Appaicnt light ascension .... 

lleduction from Table IV. , . . 
Eight ascension leduccd to Jan, I 75 O 


10 " 

38“ 

8 ‘ .5 


16 

38 

42.5 




34 : 

=the interval. 

16 

38 

25, .5; 

=time of meiidian. passage. 


k 

-8 


16 

38 

17.5 

by the reticle 

(16 

38 

18 

ft om equal altitudes) 


_ 

15 

aig. 55“ 34'. 

16 

38 

2.5 

=249"S0'37''.5 


\ 


voj.. n. 
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Foi Leelmation 


Sr X 15 X 56.54 (cos 55* 34') =288" .854= 


4’ 

00 

.354 

subtiact 


Table III uppei pait .... 

55“ 

39 

1 





Apparent declination ... ... 

55 

34 

12. 

646 

by the 

leticle. 

\ 

(55 

34 

1 


by the 

sextant) 

Reduction ftom Table IV, abont . . 



-42 





Reduced declination July 18 , . 

55 

33 

30 





Do. May 17 .. 

55 

33 

37 

.74 




Average of the two . . .... 

55 

33 

33 

87 

by the 

icticle. 

Ti uc declination given m the catalogue 

(55 

33 

31 

ii^ > * 1 

by the 

sextant) 

Right ascension May 17 . < . . , 

16" 

38" 

4* 


: 249“ 

31' 

0" 

Do July IS . , 

16 

38 

2 

.5 := 

= 249 

30 

37 .5 

Average of the two . ... 

16 

38 

3 

25 i: 

= 249 

SO 

48 .75 

R. A. given m the catalogue , . . 





249 

80 

43 


Examples with the smallei Reticle lu Zone Y 
Example 4>, Poi Etghl Ascefismt, Dec M, 1751. 

If 


Tabulai ingiess of ft , Hycbi . . 

2' 

' S5 

9' 

= upper pail 

Egress . . . ... 

. . 2 

88 

40 


Dififeicnce . . . 

f 

a 

31 

= iiitoival = 2ir 

Half the sum , .... 

. 2 

36 

54.5 

= the tuneof mcndiaii jias-'.igi 

Table I +1" 26* Table II -SO’ .5 . 


+ 55 5 


Appaient R A . . . 

. . 2 

37 

50 

by the reticle 


(2 

37 

48 .5 

by equal altitudes ) 

Reduction fioin Table IV 



-1.4 



2 

37 

47.1 

= 39’ 26' 46",5 

11 A, accoiding to the catalogue . 

4 



w 39 26 58 


Eor Dechnahon 

Sir X 0 x 15 X 1705 (cos SO’ 11') =: 1079".265 = I 7 ' 59" 205 subtwet 

Table III > uppei pait ... 80 29 1 

Appaieiil declination 80 11 1 7S5 by the 1 cticle 

(80 11 2 b) the sextant) 

Reduction from Table IV ... , . +4-1 


80 11 42 .735 

. 80 11 42 


Reduced declination (L750) . , 

Declination according to the catalogue 
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Examples For liight AscensiQiiiUQa 24,1751* 


T.ibulai ingiess (o Ilyclii . 

Egtoss . . . , 

Diffeiencc . . . 

Half the sum . . . 

Table I 25' Table II. - O’" 10’ 

Appaient 11. A. . 

llcclucUou fiom Table IV. . . . 

llcclucecl 11, A. (I 75 O) , . . . 

Mean light ascension in the catalogue . 


0 " 

6" 

1 g, 


0 

16 

12 



10 

9 

= inteival=609* 

0 

IJ 

7.5 

s= time of meudian. passage. 


+ 1 

15 


0 

12 

22.5 

by the leticle. 


IS 

22.5 

from equal altitudes.) 



-9.1 


0 

12 

13 .4 

= 3“ 8' 86" 


= 83 0 

■ B I ■ I ^ I m *■■■ 


For Deelination of 0 Hydri. 


609’ X 2 X 15 X .1968 (cos 78* 89')=3595 536 

» 1 W 

=59' 

55" 5 

add 

Dcclumtion of lowci point of the leticle , 

. . 77 

39 

11 


Appaiont declination. 

. 78 

39 

6 5 

by the leticle. 


(78 

39 

7 

by the .sextant) 

llcduction from Table IV. ... 

ft ft 


1 41 3 


Reduced dcclinaUon (1750). 

. . 78 

39 

47 .8 


Mean dcclumtion in the catalogue .... 

. . 78 

39 

48 



The reason why the labulni interval in time is doubled, in the fourth and fifth examples, 
IS, that in the smalloi leticlo tlio length of tlie short diagonal is only one half of the height of 
the two tiiangles, while the Tables are constiuctcd on the supposition that it is of the same 
length. These examples, it is piesumcd, will suffice to icndci the use of any other reticle 
with coiiespijnding tables equally easy. The small discrepancies between the computed le- 
siilts and the numbers given in the catalogue, in each example, aic owing to the citcumstanco 
of the standaid stais having then places in the catalogiio assigned them, fiom the mean of 
vauous obscivations taken with the different instiumonts, wheieas our places aie derived fiom 
tlio leticles only, to show what dependence may be placed on them* 
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TABLES FOE EEDUCING THE OBSERVATIONS OF ZONE V 

- (BY LA CAILLB ) 


Septembbe 24,17B1 APPARENT POSITIONS OF THE PRINCIPAL STARS 



BIGHT A80ENSI0N. 

BEOJ 

HNATION 


Syrii. 

. e" 

34"' 

13*.5 




ft, Hyclii . . . 

• @ 

37 

4iS » # * i 

... 80* 

11' 

2" 

jS Hydii . . . 

. 0 

12 

eg .5.... 

. . . 7S 

89 

7 


TABLE I 


TABLE IL 


TABLE IV 


Coii-ccUott of Ojc Times indicatca Correction of the Kirois arUIng fiom 

by tlie Clock the Inchnnlion of tiia Vertical Thiead 


Deciinntion of 
tUoSfar 

CoijreetioTi 

w 

40' 

+ 4" 5 

78 

0 

- 0 .6 

70 

20 

« 5 0 

78 

40 

-.10 *0 

1 '^0 

0 1 

-15 0 

70 

20 


70 

40 

-24 .6 

80 

a 

-20 0 

80 

20 

, -34 0 

1 


Thws, 

1 _ . 

Oorreetion 

fidditiTc 

, if M 

w s 

10 0 

1 28 

2] 10 

1 24 

0 20 

1 36 

3 0 

1 28 

S 40 

1 

1 37 1 


deduction to tlie Ti tie Poslliona, ainl to 

the epodi 1750 


Horn 

oliscrvcd 

Right 

Ascension 

r 

DecUnntluii 

10 

—20* 

5 

-18" 

6 

19 

-21 

4 

^ Q 

5 

20 

-21 

2 

4* 8 

6 

21 

—10 

0 

4 10 

5 

22 

-17 

0 

4S!) 

0 

23 

-14 

0 

+08 

0 

0 

-n 

4 

+41 

0 

1 

- 6 

6 

•4*44 

0 

2 

— 3 

7 

+43 

0 

3 

0 

1 

h40 

0 

4 

4- 3 

3 

+34 

0 

6 

^ 0 

0 

4-26 

5 

M 

+ 7 

1 

0 

+28 

1 

a 


TABLE IIL 


FOR COMPUTING THE APPARENT DECLINATION OF THE STARS. 


0^1 

1 
3 
5 
0 
8 
10 
ai 

13 


0‘ 
40 
20 
0 
40 
20 
0 

^0 

20 


^0 

80 

80 

79 

79 

79 

79 

79 


29' 

20 

12 

3 

63 

44 

34 

24 

14 


1" 

39 
0 
6 

60 

20 

40 
44 
21 


502'^ 

619 

534 

560 

567 

583 

602 

623 


r 

IN THE UPPER PART. 

> _ __ _ 

Intervals of the 
Transits, 

'' DccInmUon 

Diir. ;! 

Il 


- - - ■ ' 1 

^ i 

' 


IN THE lower I>AR1 


Dec] Illation, 


ir 

77 

78 
78 
78 
78 
70 
78 
70 


39' 

49 

9 

9 

19 

29 

38 

47 

65 


IP' 

45 

0 

57 

37 

5 

17 

16 

69 


LifT 


634" 

615 

597 

580 

568 

552 

538 

524 
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ZONE V. TAKEN BY THE SMALLER RETICLE OE LA CAILLE. 

September 24*, 1752. Syuus culminated by tlio clock at . . G" 32“ 55*. 

Revolution of the fixed stais ... . 23 59 51 


IN THE UPPI R PA.U’1 


Mfig» 

II 

M 

s 

MiiB 

II 

ni 


7 

ID 

13 

13 

0 7 

23 

50 

44 



23 

40 



67 

32 

, 7 

10 

in 

33 

7 

0 

i 

6 



20 

30 



13 

10 

7 

10 

22 

43 

0 

0 

2 

40 



27 

40 



a 

33 

7 

1!) 

20 

20 

0 7 

0 

30 

0 



31 

35 



41 

33 

7 

ID 

32 

67 

7 

0 

63 

0 



41 

43 


1 

2 

10 

7 

10 

33 

4 

7 

0 

64 

7 



36 

40 


i 

3 

23 

0 

10 

30 

21 

7 

i 

22 

11 



43 

30 



34 

67 

0 

10 

40 

22 

7 

J 

24 

51 



42 

27 



20 

30 

0 

ID 

41 

4 

6 0 

1 

27 

20 



40 

2 



36 

»7 

7 

10 

44 

13 

0 

1 

40 

31 



61 

43 



41 

20 

7 

10 

40 

13 

6 0 

1 

60 

42 



50 

12 


2 

0 

63 

7 

10 

47 

20 

7 

1 

65 

63 



60 

10 


2 

1 

41 

7 

20 

7 

35 

0 7 

1 

60 

63 



16 

3 


2 

4 

62 

0 7 

20 

S2 

21 

7 

2 

X 

66 



36 

13 



3 

41 

0»7 

20 

66 

63 


fi tlyitil 


21 

6 

43 

4 6 1 

2 

36 

0 

7 

21 

13 

40 



33 

4 



26 

67 

7 

2 

3(1 

61 

7 

21 

10 

44 



40 

37 



27 

23 

6 

3 

12 

42 

7 

21 

60 

20 

, 


10 

17 


22 

0 

40 

7 

3 

13 

17 

7 

22 

0 

40 



*20 

47 



13 

10 

5 0 

3 

31 

33 

0 

22 

7 

16 



36 

47 



12 

23 

0 

3 

30 

10 

7 

22 

50 

46 



62 

63 


20 

11 

7 

0 

0 

43 

6D 

6 G 

23 

26 

60 



60 

60 



30 

1 

0 

4 

7 

12 

7 

23 

30 

31 



20 

16 



40 

11 

7 

4 

17 

60 

7 

23 

40 

37 



27 

24 



60 

30 

0.7 

4 

31 

27 

0 7 

23 

61 

0 



30 

14 



67 

41 

7 

4 

30 

27 

7 

23 

62 

41 



60 

6D 


0 

1 

30 

7 

4 

40 

7 

_ 






66 

10 


IN TUP 1.0 WLR PART 


s 

m ' 

1{ 

M 

9 

—--- 

Mag 

H 

M 

9* 

7 

10 

20 

30 

(ilhihl 

1. 



22 

32 

3 

0 

0 

3 

7 

ID 

32 

30 



1(3 

12 



32 

6B 

7 

0 

0 

B 

7 

to 

65 

33 



13 

IB 



50 

33 

0 7 

0 

*20 

5 

7 

U) 

65 

3B 



SO 

10 



53 

20 

0.7 

0 

4(1 

1 

0.7 

20 

4 

4 



60 

14 



4 

25 

7 

0 

40 

10 

7 

20 

» 

0 


1 

2 

0 



23 

0 

7 

0 

62 

13 

7 

I 20 

27 

20 


1 

6 

23 



36 

12 

7 

0 

60 
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SMEATON'S METHOD OP USING 



f XXVII SiMEATON'S METHOD OP USING A WIRE-MICROMETER WITH AN EQUATORIAL 

STAND 

1. When La Lande had announced the utility of accuiate obseivations of the planet Merciiiy 
at his two elongations in August and Septeinbei 1786, the ingenious Sineaton lesolvcd to tiy 
his skill m fitting up an achiomatic telescope in a way, that would enable him to take some 
obfeeivations befoie and aftei the gieatest elongation, which happened in August of llie year 
above specified. He fiist tiied to take the meiidian passage with a tiansit instiuinent, but was 
disappointed in tiying to find the small body in the noighboiuhood of the sun at the middle of 
the day, and theiofoie resolved to observe it in twilight befoie the sun lose to effect this he 
was obliged to mount Ins telescope in such way, that its motion might bo in an cquatoiial di- 
lection, in oidei the raoi e easily to find his object, and also to keep it in the field of view till 
ho had completed the adjustments of his telescope and attached iniciomctci. The contrivance 
which he availed himself of to answer these puiposes, was the divided block which wo have 
aheady desciibed (§ X. §.), on the bed of which he fixed liis telescope of 34 ,66 inches ibcal 
length, and placed the stand on the fiustum of an hexagonal pyiamul'of stone, built on a fliiu 
foundation, and fiec fiom the flooi on which he stood. The obscivatoiy was at Austhotpo, in 
the West Riding of Yoik, in latitude 53® 47’54'' N, and 5™ 50* W. fiom Greenwich j the 
knowledge of which data enabled the obseiver to adjust for the equatoiial position, and to give 
the telescope the due elevation foi Meicuiy’s meiidian altitude, as well as to icctify the hoiii 
cucle to the plane of the equator. The miciometei had two sciewa foi giving dilfeicnces of 
declination, in the way Tioughton now makes them, and five hoiaiy wiics ciossing the forinei 
ones at right angles, which wites he denominated a, A, B, C, and D , while he called the do* 
clmation wiics by theitalic capitals A and B, foi Austialis (southcin) and Boicalis (noithein). 

2. That some judgment might be formed of the peifounance of this appaiatus, and of its 
stability of position, befoie a tiiaZ W'as made of observing Moicuiy, >Saluin was pieviously com- 
paied with y Capiicoini, and the return of the star to the same place, as to light ascension and 
declination, aflei the lapse of two days was so exact, that it laised the obsoivoi’s confident cx« 
pectation of' being able to get a good obseivation of Mcicury, though the stais with winch lie 
was to bo compelled, could not be obseived till the subsequent evening. 

3 On the moining of the 2Sd of Soptembei, about tiuce quaiteis of att houi bcfbie sun- 
use, the an foitunately being cleat and pcifectly seiene, the little planet was leadily found 
with a magnifying power of about 20, ui a field of r 17 ', and when found could easily bo 
distinguished with an opeia-glass, Meicuiy was at that tune expeiiencmg veiy little change 
of declination, and when the wiies weie adjusted foi lus lun along one of thorn, he was suflei- 
ed to pass along the whole field, and, when he had been biought appaiently back again by tlio 
propel motion, the telescope was fixed at VI. 34 .5 on the hoi ary ciicle, and at dec. T 4-8' N. on 
the vertical semi-ciicle, at an elevation of about 11® SO'; a Hindley’s sideieal clock being lo- 
feired to foi the tune, oi latliei a journeyman Iialfiseconds clock, which was compaied with 
that by Hindley. The obseivations weie then taken, and legistcied in piepaied columns, a$ 
pi J able It whicji foHq^vs. In the same evening the astronomei was lucky enough to g(?t obi, 
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solvations of the slais X Cell and o Tauii, but the unfavoiiiabic state of the weathci piovcntod 
Meiciuy being again obscived. On the SGth howevei, and again on the 30lh, the two slais 

weic obseived, the telescope leiifiaining m statu qiio^ anti weie found so neaily m the same pa- 
lallcl of declination, that a lesolution was foimcd of locking the observatory timing seveial 
days of absence, and of leaving tlic telescope m its place unallcicd. On the ISlh of Octobci 
die positions weic found as little alteicd as could be expected oi wished foi, aflei allowance 
was made for variation of refiaction and piocesssion, &c, when the places of the slais weie 
again taken. On the 30th of Septcmbci, and also on the 13th of Oclobei, « Oiioiiis was 
also obseived, as being one of Di. Mnskelyno’s well doteiinincd stais, and llioiefoie moic to 
be depended on as a standaul stai for a good compaiison, 

4. Ex'plamtion oftliejolh'wmg Tables <—Columns 1 and 2, in TableI,aiosufllcicnllyinlcl- 
ligiblc fiom the heading, coliunii 3 contains the niinutes, qimi tci s of minutes, and beats oi half- 
seconds, the boats commencing at 15, SO, 45, oi GO, as shown by the seconds hand, column 4 
gives the obseived tune reduced into minutes and seconds; and column 5 contains the said 
times 1 educed to the middle wiie by the help of Table II.; column G gives the mean times 
due to the middle wiic on an avciage of all the obseived passages, column 7 contains tho 
mimbei of levolutious and decimal pints of tho micromelei’s head as icad and innikod A oi B, 
accoulingly as the southern oi noithorn wiic was used; and as the readings had then kcios 
at 28.11 tuius fiom the cenlic for il, and at SO .84 for /i, the number of lovolulions of the 
micioinetci’s screws taken fiom these conslimt niimbcis icspcctivcly gave tho nuniboi of lovo- 
liUions counted fiom the ccnlic, which arc the numbers contained in column 8. When tho 
nuinbci of tin ns load ofi' exceeded the cmislant, the diffeiencc being beyond the ccutio, had 
an opposite dononunaUon, as was the case in the obscivation of Mcicury, whcic 28 .85 icvolu- 
lions made by B, exceeded the constant 28.11 by 0 .74, which Ihcieloic became A oi SO .74. 

5. In Tabic III. the 1st and 2d columns explain themselves; column 3 is the same as 
column 0 in Table I.; the 4th column contains the coirccUons to ho applied to the pioceding 
column, as dctcimined by compaiison with the transit clock, of which the rate was scvcial 
tunes taken by actual obscivations; the fifth column shows tho tunes so coireeled; tho sixth 
gives tho intcivals between the successive obscivations in tunc; tlio seventh the revolutions of 
the iniciomeiei, as they logind tho ccntie, and the eighth the declination inensuicd fioin the 
same ceiitic in minutes and seconds coiicsponding to the adjoining lovolutions. 

fi. The value of one icvohiUon of thb tniciomelcr had been pioviously assigned from ob- 
scivatioiis, and one ievolution was found to be so neiuly a second, that dividing the number 
of lovolutions and decimal pails by 1.08 gave the exact numbci of seconds without au addi¬ 
tional 'J’able 
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7 . TABLE I. 


OBSERVATIONS OF MERCURY, AT HIS ELONGATION IN SEPTEMBER, 178C, 

WITH AN EQUATORIAL MICROMETER 
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1 TVhes 

1 

1 

Hour 

Time, as taken by 
titc Clock. 

Time reclncacl to 
min aiifl 

Time rccliicod to 
the mUi who 

Mean of the 
Wnes 

Parts of tho . 
Miciometci 

MIcroTtmtOL 

rcditcoil 

Scpti 23 

! 

AM 

M 

QU 

UCATS 

M 

s 

M 

s. 

M 

6 

ncvoit 

JIEVOJ 

Merct to wire a 

5 

21 

3 

5 

24 

47 6 

2G 

34 8 
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25 

3 

14 5 

26 

52 3 

26 

34 0 





Middle wii^o B 


20 

2 

D 5 

20 

34 7 

20 

34 7 ‘ 

28 

34 7 

B 28 05 

s 0.74 
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27 

1 

0 

27 

10 0 

26 

34 7 
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23 

1 

16 

20 

22 5 

20 

34 0 






PM 












1 ^ O'Sti 

0 

15 

1 

27 

15 

20 5 

16 

20 6 

15 

20.4 


1 

1 0 


le 

0 

23 

16 

11 5 

16 

20.3 





1 0 Tour!to..M B 


40 

1 

25 

40 

27 6 

; 40 

27 3 

40 

27.4 

B 0.80 

NIO 72 

1 ^ 


41 

0 

21 

41 

10 6 

40 

27 3 





1 Sept 20 













1 X Ooti tOvif 1 1 1 ^ 

9 

2 

2 

13 

2 

SO 5 

4 

23 5 





I ^ 


3 

2 

23 

3 

41 3 

4 

23 0 

4 

23 8 

B 10 07 

N11,14 

1 ^ 


5 

0 

14 5 

5 

7 3 

4 

24 1 





1 0 Tauri to A i 


20 

2 

21 

20 

40 3 

29 

22 0 





1 B 


29 

1 

16 

2D 

23 0 

29 

23 0 

20 

23 0 

B 0.47 

NIO 8« 1 


0 

47 

0 

3 5 

47 

1 0 

i 

48 

43 8 





1 ^ vQtL tO»f# A 


40 

0 

13 

48 

0 5 

48 

40 0 





1 B 


40 

3 

0 

48 

49 0 

40 

49 0 

48 

40,0 

B 18 07 

Nil 14 

1 ^ 


40 

2 

4 5 

4D 

32.3 

40 

40 1 

• 




1 0 Tanri to ....A 

0 

13 

0 

11 

13 

6 5 

13 

47 0 





1 ^ 


13 

3 

0 

13 

40 0 

13 

48 0 

13 

48 1 

B 8 48 

NIO ,03 

1 1 ^ 


14 

2 

3 

14 

31 6 

13 

48 3 





1 (K Orioms tOn.G 

11 

41 

3 

12 

41 

61 0 

43 

30 0 





1 ^ 


42 

3 

20.5 

42 

65.3 1 

43 

37 7 





1 B 


43 

2 

17 

43 

30 5 j 

43 

38 5 

43 

87.0 

A16.07 

S 16.77 

1 ^ 


44 

1 

12 

44 

21 0 

43 

37.8 





1 ^ 


45 

1 

20 5 

45 

25 8 

43 

37 7 





Oct 13 












■ 

^ Cot! to »tt. A 

7 

50 

3 

0 

58 

46 0 

60 

27.4 





B 


50 

1 

23 3 

59 

27 7 

50 

27 7 

59 

27 6 

B18.97 

Nil 14 

C 

D 

0 

0 

21 6 

0 

10 7 

59 

27 5 





p Tiiiit] to •« C 


25 

0 

20 

23 

10 0 

24 

20 8 

24 

20 8 

B 0 60 

NIO 81 

w Orioms to..» A 

10 

52 

2 

0,3 

52 

30 2 

64 

17 2 





A 


63 

2 

0 

33 

3i 5 

64 

16 0 





B 


54 

1 

4 5 

64 

J7 2 

64 

17 2 

34 

17 1 

A16 07 

S 15 77 

C 


66 

0 

0*6 

66 

0 2 

64 

17 0 





B 


50 

0 

10 

66 

6 0 

64 

17 4 





Col. 1 

2 

3 

4 

5 

0 

7 

; 

0 

' 
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8. TABLE 11. 

FOR REDUCING THE HORARY WIRES OP THE EQUATORIAL MICROMETER TO TUB 

MIDDLE WIRE.^ WHEN TAKEN IN MEAN SOLAR TIME 




JSquatounl object 

Declination; 7“ 48^ 

/ 


Wncs 

O's run 

jjc’s 1 im 

0*8 run 

1 

^'s run 

TJio first wire piecedcs* add 

n 

i*" 40* 2 

l" 40' 

; 1" 47' 3 

47* 

becoiid wire ♦ 

A 

0 42 1 

0 42 

0 42.0 

0 42 4 

]\fiddlewna , 

B 

«l « 4 « 

ill I II * 

« r 1 III M 

*»i lit 

Fouilh WHO followa, sub» 

c 

0 42 0 

0 42 0 

0 43 3 

0 43 2 

Fifth wnc.* , ,,, 

B 

1 40 a 

1 40 0 

1 47 0 

, 

1 47 0 


0 TABLE III. 

CONTAINING THE OBSERVATIONS OF TABLE I REDUCED SO AS TO SHOW THE CORRECT 
DIFPERENCES OP RIGHT ASCENSION AND DECLINATION BETWEEN MERCURY AND 
THE STARS WITH WHICH HE WAS COMPARED 
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Duto aiul Object 

IIoui 

Paftsnf^o o\Gr 
mid lioi 
wJio by 
join It clock 

Rod action to 
mean time 

Mcmi tl 1110 of tlic 
obHetvalloii ' 

------- . 

Inters nlR of mean 
lime of dlff obfi 

I'arls of ml 
cioni fiain 
tile centra 

Vnluo of tlio 
said parte 

Sent 23 

1 

At M 

M 

R 

M 

R 

11 

M 

' 

8 

n 

M 

B 

, npvot 
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i 1 . ... .... 

5 

20 

*■ <1 ■im 1 H ■ 

34 7 
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6 

22 





S 

0.74 

S 
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^ Cell to mid wire 

0 

16 

20 4 

-4 


0 

11 

20 8 

16 

40 

60 4 




1 

0 1 aurij do 

0 

40 

27 4 

^4 


t) 

30 

27 3 

0 

24 

60 

N 

10 72 

N 

30 26 1 

Sept 20 
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^ Ccti to mid wnc 

0 

4 

23 0 

^4 

43 2 

8 

60 

40 0 




N 

11 14 

N 

17 11 1 

0 i ftun, do 

9 

20 

23 0 

-4 

43 2 

0 

24 

30 8 

0 

24 

60 2 

N 

10 04 

N 

30 13 1 

8cpt no 
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X Ccti to mul wire 

0 

4B 

40 0 


60 0 

8 

43 

60 1 




N 

11 14 

N 

17 11 1 

0 i am ij do 

0 

13 

40 1 

-4 

60.9 

0 

B 

67.2 

0 

24 

60 1 

N 

10 OO 

K 

30 17 1 

« UriomS; do 

' .. w 

ii 

43 

37 0 

_4 

60 0 

IX 


47 1 

2 

20 

40 0 

1 

8 

15.77 

B 

24 20 1 

Octob 13 
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7 

60 

27 0 


3(1 4 

7 

62 

61 1 
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n .14 

N 

17 11 1 
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0 

24 

20 a 

-0 

30 a 

a 

17 

60 

0 

24 

60 0 

N 

10.01 

N 

30 16 1 
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17 1 
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47 
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20 
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B 
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SMEATON’S METHOD OF USING 


10. As tlieie was an inteival of almost sixteen houis between the times of the passages of 
Meicmy and h Ceti, it may be satisfactoiy to show fiom the obseivations themselves, that 
neitliei the pennanent position of the telescope, nor tlie going of the clock, lequiied any col¬ 
lection for a ranch longer inteival 


In Jltgkt Ascension, 


On the 2*3cl Sept, x Ceti passed at.9“ 11'“ SS’.S 

SStli ditto .. S ^9 40.6 


X Ceti came sooner after thiee days by . . . 

ft 

n 

47.7 

Tabular Acceleration due to tlnee days . . . 

* 

11 

47.7 

{ 

Also 0 Tami Sept. 23 came at ..... 

. 9 

36 

27.3 

26 ditto ...... 

. 9 

24 

39.8 

Acceleration as before within 0‘ .2 , . ... 

i 

11 

47.5 

In Decimation. 




0 Tauri Sept. 23 passed to the north . , . 

4 • 

» 

80' 26" 

^6 ft » ft ft # 4 f 

• • 

• 

30 18 

It passed raore to the south by ..... 

ft « 

« 

0 8 


I * * 

Hence it may be concluded that the variation of position or of rate, would neithci of them bo 
sensible in sixteen hours. 



Deduckon of Mercury’s posifton, from Table III. 


Mercury preceded X Ceti Sept. SS by. 

X Ceti preceded o Tauii by a mean of 4 obs. . . 

0 Tauri preceded « Ononis by a mean of S obs. . . 

Mercmy theiefoie preceded » Ononis by . . . . 
Add coirection arising out of difference of refiaction 

True difference of right ascension. 


15" 

48“ 

53’.4 


24 

59 

2 

29 

50 

18 

43 




1.1 

18 

43 

43.5 


If we 'take the diffeiences in declination between X Ceti and o Tauti on Sept. S3, Sept. 30, 
and Oct. IS, we shall find them IS* . 7 , 18* .6, and IS* .4 respectively, whence wo may conclude 
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that 0 Tauu has been well observed, and may be compaicd with both Meicury and a Ononis 
to connect these two thus, 


Sept. S3 A.M. Meicmy passed from the centre .1' 8" S. 

0 Tauu ditto .80 S6 N 


Thoiefoie Mercuiy was moie south than 0 Tauu by .8i 34< 


Sept. 30 ,0 Tauii passed N. 00' 17") 

a Ononis . S. S4 SO j 
Oct. 13 ,0 Tauu passed N. 30 13 ) 

ct Ononis S. S4 SO j 

Hence » Ononis passed south of o Tauu 


34 37 

34 83 
34 36 


And thoicfore Meicury's dec. exceeded that of et Ononis, on the S3d Sept, by 23 2 N. 

To which add the coi i ectiou for diffci once of i ofraction . 6 


Tiuc di/Fcience of declination . ..23 8 


Memliing psUlon (if Mercury, 

The light ascension of » Ononis, Sept. 30, 1780, by Dr, Maskelyne's Tables=83° 34' 12" 
From a i evolution in solar time .... 23" 50"* 4M 

Subtract the diffei dice in tunc . . . 18 43 43.3 

The time by which « Ononis preceded = 5 12 20.0 . , . . £= 78 3 9 

The ri^U asemuon of Mercury at the time of observation.. 163 39 21 

' . .. ■ mil 

Declination of a Ononis, corrected for precession.7° ^21' 8*.8 N. 

Sum of abenntion and nutation . H 8.4 

^ IIPPPW HPi^ 

7 21 17.2 

Mercury’s diffeicnce of declination more north, add.. 23 8 

Tho«or^Af/(?c/?Mm«ofMcicury at the time of observation.7 23.2 

iwij >> I ' n I ■> I 

In this determination of Mercury’s geocentiic place, his parallax has not been considered, 

[Plnl, Tians. Vol. LXXVII.] 
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double-image micrometers. 


§ xxvni DOLLOJND’S ODJECT-GLASS MICROMETER APPLIED TO A REFLECTING 

TELESCOPE [PI'Ate XXIX 3 

I. Having desciibed and explained the diiferent Singh~tmage raiciometcis that have fallen 
withm oui notice as applicable to astionoinieal purposes we may now devote a few sections to 
the description of such double-mage miciometeis as may be found useful in the hands of a 
practised obseivei, which we pioposedto considot the secqnd class o{ miciomelcis (§ XIX. L). 
This class has an important advantage ovei the single-image miciometci8> inasiniicli as they ic- 
qmie no illumination fioin a lamp > but as each of the two images that aic foimcd of an ob¬ 
ject, has usually only one half of the light that a single image of an object possesses in the 
field of the telescope, the apeitiiie of the telescope, to winch a double-image miciomotei is in¬ 
tended to be applied, ought to be laigc enough to compensate the defect of light that biparti- 
tion will occasion in each image, which compensation will be effected when the aica oi square 
of the diametci is doubled. 

2. If we pass in silence over Saveiy’s and Bouguei’s plan of obtaining double images, 
from a pan of complete object-glasses applied to the same telescope, the application of which 
does not seem to have been adopted m astionomical obseivations wc behove that the divided 
lens placed befoie the apeiture of a telescope, contuved by John Dollond, was the fiist effec¬ 
tual means that enabled asti oiioinei s to apply the principle of double images to celestial mea¬ 
surements. This contiivance was desenbed m the foity-eiglith volume of the Pliilosoplucal 
Transactions of London in the ycai 1753, having been communicated by the excQllont optician 

J, Shoit, befoie the apeituie of whose leflecling telescopes the divided lens was first used. It 
IS well known that when a peifect lens is divided into two oi moie poiUons by lines diawn 
across its face, these poitions, not being in the same plane, will bung the incident lays of light 
falling at right angles upon their suifaces, to as many focal points, and will foimas many images 
of an object that is luminous and at some distance m those points; but if the pieces have then 
siufaces put exactly into the same cmve, these images will coincide, and one imago only, more 
bright than any of the separate ones, will now appeal. If the lens be divided into two equal 
halves by a stiaighthne passing thioiigh the centie, tlieie will be one image while the central 
parts of the semi-Jenses are so kept in contact, that tliey foim a pexfecl lens; but when the cen- 


•» Mr Bfinjaniin Bo van, of Beigliton-Buzzarcl, malccs use of two cijual objcct-glasscs m separate tubes^ that me so 
bulged together at the object-ond^j as to be capable of beiug placed pariiUcl, and also inclined in any given quantity that 
^vill measure small terrestrial angles, on an aic of largo radius, by moans of which he mcasuies distances at one station in 
the operation of levclhng 
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tres of the two halves aie a little separated by any mechanical moans, two images will appeal 
equally pcifect and equally luminous, as they legaid each otliei, hut each possessing only half 
the brilliancy that the single image had, when formed by the peifect Ions. The distance between 
the two images lliiis foimcd, will inciease as the centies of the scmi-Ionscs aio sepaiated, and in 
the same piopoilion, so that the quantum of scpaiation of the centics of the two lenses, may be 
made a scale of raoasuiemcnt of the distances of the ccntial paits of the two images of any object. 
When the divided lens is fixed m a cell bcfoic the apoituie of a icflecting telescope, two cones 
of lays will fall on the laigo speculum, and will be icfiecled so as to foim two images, accoid- 
uig to the consliuction of the telescope, and the quantity of sepaialion of the seini lenses, 
winch images may both be viewed, oi pailially viewed, by the eye-piece of the Iclcscope m a 
magnified slate The lens to be divided may bo cither of the convex oi concave kind j and 
the focal Iciiglh of the laigo speculum of the telescope will bo eithei diininishcd by the formoi, 
01 enlaiged by tlio lallci, so that when the cuivo of the speculum is not good with paiallel 
lays falling on it, one shape of the lens oi the otlioi may bo prefoiied, that will lend to cuie 
the impeifoction; but if the telescope bo already good with distant objects, an allciation of 
the paiallolism of the incident lays, by citlici dosciiption of lens, will iiijiiio the vision of the 
telescope 5 the optician thcrefoio, who appiopiiales a divided lens to a icflecting telescope, 
ought to adapt the cmve of liis metal to the nature of tbo lens, at the time it is polished. 

8 When the divided lens hod been enclosed in a fiamo that admitlod of giadual scpaia¬ 
tion of its two halves, by a pinion on the axis of a Hooke’s joint, acting with a pan of lacked 
bars, and also that allowed a ciiculai motion to lake place by means of another iiinion impel¬ 
ling a toothed wheel, thcic immediately bccamo a demand foi the instrument on the Coiilincnl, 
and because the telescope would lake into its field two images of the sun, when the magnifying 
power was modciatc, it soon ohlamed tlie naino of an IJebomelci', winch it still letanis out of 
England, and might as well have been called a Selenometer, because it will contain two tlmmc- 
ters of the moon equally well, and may bo applied to mcasiuo the distances of the lnii,u spots 
from one anothci, oi tho bicadth of the luminous poition as compniod with the wliolo diamclci 
at any lime. 

Thoie are vaiious ways in whicli tho divided lens may ho used as an hclioinelcr, with 
a refracting telescope, as well as bcfoic the tube of any of tho leflccUng constructions, as 
the mventoi has shown in a second commumcation made to tho Eoyal Society lluough the 
hands of Shoit, in the year 1754'} but tho theoiy will bo best explained, by coiisideiing it as the 
chromatic object-glass of a long icfiacting telescope, divided in tho middle, and giound to 
straight edges that will pass along one anotlier without the admission of false light, agreeably 
to the construction given in the following figme, which is copied from the authoi’s own deli¬ 
neation, ns well as the explanation accompanying it in his fiist communication, viz ; 
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“The semiciicle 3 ”, says Dolloiicl, “lepiesent the two segments of the ob¬ 
ject-glass, whose centies C and i) aie drawn off to the chslancc C i), and the 
points A and B aie two objects, oi diffeieni paits of the same object 5 thcic- 
foie the lines A CG and B D G lepiesent two lays, that pass tlnough the 
centies of the segments, and aie thciefoio not at all lefiactcd, but go stinighl 
tiuough to Gf, where they intersect, and G being the lespcctivc focus to the 
distance of the objects fioin the glass, the two images will coincide at tliat 
point It appeals fiom tlie flgme that A B . CL GII GE , and fioin a 
common piopoition in optics OH , GE::IIE E F. Theiefoic A B : CD 
HE EF, ii* being the focus of paiallcl laysj and consequently the an¬ 
gles A E B and C F D aie equal, 1 . e. the angle subtended by tlic distance 
of the centies of the segments at the distance of the focus of paiallcl lajs 
(F),Tia equal to the angle subtended by the distance between the objects A and 
Bi fiom (JB) the end of the telescope.” 

5 Fiom this explanation of the piuiciplc of meastmng by a divided Ions, 
giving two linages of an object, it appeals, as the authoi has obscivod in liis 
second cominumcation, that the angle subtended by the diainetci of any ob¬ 
ject viewed fioin the object glass, is found without any logaid to the disluncc 
of that object, oi to the distance of the lespectivc focus (G), whcie the two images aie seen in 
contact, since the mensine depends eiitiiely upon the focus of paiallcl lays and the opening 
of the segments, and consequently a scale of moasuieinont deiived fiom a toirostnal object 
placed at any distance would be a good scale foi any othei distance, when the segments ot a 
single lens aie used as the object-glass of a lefiacting telescope, but accoiding to the picseiiL 
constiaction of telescopes such an object-glass, pioducing pii&raatic coloms, is inadmissible. 

G. The invcntoi of the divided lens, not having yet discovcicd the acluomatic punciplc 
of the lefiacting telescope, and perceiving that great inconvenience would ause fiom the use 
of an object-lens of voiy long focal distance, paifcicuiarly when divided, and lequiiing an tip- 
paiatus foi pioducing the sepaialion of the two segments, at length dclcimincd to apply it be- 
foie the tube of a icflceting telescope, wheie it would bo raoie inanngcablc, and wheio the 
diffeient leflections and lefiactions would not altei the positions and 1 dative magnitudes of 
the two linages of an object, foi mod by the two sepai ated poitions of lays pioccoding fiom 
that object} consequently he concluded that, notwithstanding the slioitemng of the insUu* 
ment, the scale of mcasnioment depending on the sepaiation of the cential points of the scmi- 
lenses, and on the fiist tendency of the lays to come to a distant focus, would not bo altoied 
He therefoie piefeired this application, and lus fiienil Shoit pioinoted his views by Ins exed- 
Icnt consti iiction of the Giegorian and Cassegi ainian telescopes, to which the divided lens was 
attached to complete tlie liehometei. 

7 . Uhe object-end of one of these instiuments, togetliei with the handles giving the ic- 
qiusite motions of adjustment foi obtaining themeasmes, aie lepicsenled by fig !• of Plate 
XXIX, in which the lens is of the convex kind, that ahoitcns the focal length of tlie laige spo 
culum, of about two feet, thioc quaiteis of an inch. The diffcieat paits of tins miciometei, as 
viewed fiom beyond the object-end of the telescope, aic so cleaily seen in the figuie, that a 
shoit clesciiption will suffice foi londeiing then uses intelligible. We must conceive the piece 
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of tube ^ to be a poition of the leinoto end of the telescope, into oi ovei which the shoit 
piece of tube B of the miciomctci is applied, and made fast by a Ihurab-scicw oi othciwisc ; 
tins piece B can ics a concealed wheel loimed of a iiiig, which is indented at the oiitei edge, and 
attached to the coveicd plate of biass CC, in such way that a pinion, on the aiboi of which 
the handle D is inscitcd, will turn it loiind into any lequiied position, vcitical, hoiizontal, oi 
oblique, which it will letain by means of the fiiction given to the moving paits. F and G aie 
two long iiaiiow plates lying upon the undci plate C C', to which they aic icspectively kept 
close by the labbcted bais Hll\ but so as to be at libeily to move in coiitiaiy dncclions, when 
then indented end pieces aie actuated by a concealed pinion placed on the undci' plate, between 
the Ictlcis F and C, the aiboi of which ]nnion is cmbiaccd by the squaied end of the handle 
Fi, then as the two semi lenses, which appeal daikcned in the flguic, aic sepaiately attached 
to the plates F and G lespectively, it is obvious that then ccnlics may bo scpaiated inoie oi 
less by tinning the handle i'J, while its pinion is inteiposcd between and connected with the 
teeth made on the edges of the said moving plates. At the opposite piojccting end of plate G 
IS a scale of live inches, each subdivided into the twentieth pails of an inch, and on the conU- 
guoiis jioition of plate F is a veinici divided into (wenty-fivo jiails, commcnsiuate with 
twenty-foui on Ihc scale of inches, so that the smallest poilion that can ho mcasiiicd is „Vthof 
Jo-lh of an inch = pait, but it is convonieiit foi the consliuclion of a tabic, to divide 

the distance fiom (ho centics of the scmi-lciises into thico denominations, inches, divisions, 
and subdivisions, as given by the vciinci. The two sciews that hold the veiinoi-piece to the 
plate F, pass Ihiongh oblong holes made in it, which allow of adjustment to /cio on tlio scale 
of inches, when the cenli es of the semi lenses, oi images of an object seen through the tele¬ 
scope, exactly coincide, and the small scicw I, which cntcis llio lemolo end ol thoveiniei- 
picoo, cfibcls the adjustment bofoic the two fixing scicws aic made fast. 

8. Tiom this desciiption it may be pciteivcd that, when the miciomctci is attached to the 
icmolo end ol any telescope, the lumdios must be long enough to be within reach, while the 
eye of the obseivei is applied to the cyo-end , and that a piece ol sliong wiic loimcd into a 
ling with a couple of hooks al opposite sides embiacing the tube ncai the eye end, will serve 
to hold the handles in thou piopei places, paiallcl to the lube at all tunes, wlialcvoi may be 
the icquiicd position of the miciometci. 'flic jnincipal mconveiuoiieo that attends tlio use of 
tins miciometoi is, that its weight dciaugcs the balance of the telescope on its stand, which 
can only be icmedicd by a countei poise, oi by additional thumb-screws mscitod info the main 
tube when lying in its bod, at a pait iicaici to the objocl-oiid, tlian is usual lu oidinaiy tele¬ 
scopes. 

9 Ill giving a value to the scale of the divided object glass mictomolei, the suns disc 
IS usually made the slaiidaul mcasiiic, and as Ins motion tliiough the field ol view cieates 
no impodnnent to the acciiiacy of an hoiizoiital mcasiiicmenl of the diamotci by tins apparatus, 
tins dianiclci should always be piefciiod, because it is not allectcd by rcfiaction. When the 
plates of the miciomctci have been tinned into thou hoii/ontal position by the handle D, and 
the sun’s disc bi ought into the field of view with the daik glass to guaid the eye, the telescope 
muslfiiSt be biought vciy nicely into distinct vision, by the thumb setew which moves the 
•small speculum, and if the voinici is at o on the scale, thcic should be but one well defined 
imago of the sun, but wbcii the edge appeals double, the handle F must be used to bung the 

vor n. ^ 
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two images nicely into one, and the veiniei must then bo adjusted to zero by means of the screws 
tliat leguUte and fix its position: When this is done the instmment is fit foi use, and the handle 
E, being turned, will piodnce two images of the sun, which must be giadually scpaiatcd til! 
their opposite limbs just come into nice contact, when tins is effected, the fiist stioke of the 
verniei will indicate the inch and paits of an inch on the scale of inches, and the line of llic 
vbinier that is comcidciit with some line of the divisions of the scale, will show the number 
denoted by the subdivision, as the thud denomination to ho added to thcfoimci quantity 'and 
When a Table has been alieady piepaied, the value of this mcasuie may be had by inspection 
from its couespondmg columns, hut if not, a Table may be easily coiistuictcd from this mea 
sure, paiticulaily if it comes out the same, oi veiy iieaily so, on two oi iliioo obsoivatioiis of 
the sun on successive days An Instance oi two will icndci the method easy to any uiipiactised 
obseiveu On the 18th of May 18'25, the sun’s diainctci, as given iii the Nautical Ahnnnac, 
was 31' 39".6 Oi 1899’.6, and the ineasme taken by a double-image inicioinclci, applied ton 
leflecting telescope by Tulley, was determined to bo Sin. Odiv 21 .7 stibdiv on an avoiagc ot 
sdyeral tiials , this quantity ieduced into its lowest deiiomuialion is 1521 5 subdivisions, oi 
sb many five hundiedth paits of an inch, the value of one such pait will thoiofoic be 

15211 ' 01 veiy neaiJy a second andaquaitci, but must not be taken exactly as 

such for the puiposc of constnicting a Table, which must bo obtained fiom multiples of the 
exact quantity the whole scale of tlio veiiiici will be l"2‘i85 x 25r:31".2I25, and this being 
also the value of ■frrth of anyichonthe scale, we shall have 31" 2125x20 = 624" 25 oi 10'24"25 
foi the value of an inch, and fiotn these values the subjoined Table was constructed 


10 . 


A TABLE 


EXHIBITING THE VALUES OF MEASURES TAKEN BY A BOLLONU’S OBJEOT-GLA.sH 

MICROMETER APPLIED TO A rWO-FEE'l REFLECTING TELESCOPE 



IlldUf! 

Divisions cokuliincd 

- - - __ ... 1 

Subdivisions conlinutd 

1 

10' 24" 25 

12 

6 14.5500 

8 

9 .9880 

2 : 

![ 

20 48 50 

18 

0 45 .7C25 

9 

11.2305 , 

5 1 

3t 12.75 

14 

7 16 9750 

10 

12.4850 

4 i 

41 87 00 

15 

7 48 1875 

11 i 

1.3.7335 

5 1 

52 1 .25 

10 

8 19 4000 

12 

14.9820 


DlvUtons 

17 

8 50.6125 

13 

10 .2305 



18 

9 21 8250 

14 

17 .4790 

1 

' 

0'3r.2125 

19 1 

9 53 OS75 

15 

18 .7275 

2 

1 2.4250 

20 

10 24 .2500 

16 

19 9700 

3 

1 33.6(375 

Stibdiv Nous 

17 

21 SMtS 

4i 

2 4,8500 

— 

18 

22.4730 

5 

2 S6.0625 

1 

1 ".2485 

19 

2S ,7215 

6 

1 

3 7 2750 

2 

2 .4970 

20 

24- .9700 

■ 7 

3 38 ,4875 

3 

8 .7455 

21 

26 ,2185 

8 

4 9.7000 

4 

4 9940 

22 

27 4.O7O 

9 

4 40.9125 

5 

6 .2425 

23 

28 7155 

10 

5 12.1250 

6 

7.4910 

24 

29 .9640 

11 

5 43 .3375 

7 

8 .7395 

25 

31 2125 
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11. As an example foi illustuiting the use of this Tabic, and at the'iame tune foi showing 
how the index enoi maybe chininatod when the measine is small, the thametei of Jupitei 
was taken on both sides of zeio on the evening of the same day, which alToided data foi the 
scale,and the following measuios weic obtained, vi/ 

% to the light of voio. .subdivisions 

Do to the left, lead back wauls .do. 


Aveiagc 93 .5 x 1" 2'1<85 


=99". 33975 


r 


By the Table, 23 hubdivisions give ...28".71550 

I"9485 

2 . 

The value of the inc.isiiie . .. ..29".S3975 


0 62425 




Which may thoicfoic be taken at.29" 34. 

When the same mieiometei was littod to a good acln omatic telescope of 45 .75 focal 
length, the value ol a subdivision was by a siinilai pioccss dclei mined to be 1",242. 

12. The advantages attiibiitcd to this miciomctoi by the inventoi, as coinpiucd with the 
wiie miciomolci that picccdcd il, may bo thus oninneinlcd. 1st, the motion of the body ob- 
solved piodiiccs no impediment to eilhci the convenience oi acciiiacy of the obseivation 
made by this msliiuuciit; 2iully, no lUnnunnlion is ncccssaiy within the telescope, Sidly, 
the contact may be made, and the inoasiuc asceitaincd, when the body obsoivcd is too laige 
to be all included m tlie field j 4tlily, the scale docs not vaiy with the distance of the object 
obscivod*. 

13 The piincipal dihadvaiitagcs of the consliiiction aic, fiist, a want of pcifccL vision 
when the telescope is good with paiallcl lays without tlio nuciometei 5 secondly, the luo.isuie 
will be alfocted mine 01 less by the state ol the obsci vci's eye, accmdingly as it lias a tendency 
to have distinct vision beyond oi slioit of the focal })oint, whcic the lays cio&s, and where the 
image is most pci feet In the lattci case thoio will be a visible scpaiiUion of the limbs at the 
tine place ol contact, and in the foimei thoio will bo an ovci-lapping, cither of winch ciiors 
may amount to a lew seconds, and thiidly, tlic di/fei enen of declination and of light ascension 
of two bodies cannot bo taken so well, as the absolute distance between them, Ilcnco the 
wii c imci omotci and the object glass imcioinctci wcic said by Di. Mnakclync to lemedy the 
defects of each oiliei 

14 In the hist Volume of the I’hilosoplucal Tiansactions above incnlioned, tins aslionomoi 
loyal wiolo apapei, which was lead Dec 12 ,1771> in which he pi oposed an impiovcmentin the use 
of Dollond’s miciometor, by the mtioduction of cioss-wiics fixed in n moveable ring at the place 
of the double image, to one 01 otliei of which lines eitlici one 01 both ol two planets, 01 slais, 
might be lefeiicd, accoulnigly as the obsci ved difleicncc of ughl ascension, 01 of declination, 
might icquiic. Uhe foiu annexed figuies will explain the Doctoi’s manner of using bis cioss- 
M'liGs in conjunction with a DolloiuVs nuciometei 

* See HIossoUi’s cxpcrimciUs and Tcinniica in the following Section. 
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Let the ciicle lepiesenfc the field of view, N S being the nieiidian line and A/ //^ the east 
and west Ime of the field , then to find the difference of declination and of light ascension of 
two stais, both appealing m the field, the Doctoi opened the semi-leubcs to a conveiuont dis¬ 
tance, moie 01 less, which piesented two pans of images , and, tinning lound the niiciomctei 
by the piopei handle, he made the two images of the fiist stat to pass ovei the voitical line 
N S the same instant, and counted the seconds and pails that intcivencd, befoie the passage 
took place of the second pan of images of the following slai 6vei the same lino, which inteival 
in tune was the diffcicnce of then lespective light ascensions Then, paitly by the scicw of 
the telescope^s elevation, and pattly by opening the segments, he contixvcd to make the noUh 
linage of one stai and the south image of the otbei uin alopg the honzontal line K as in 
the figiue, and at that opening the scale indicated the diffoience of the two decimations* 
With an eqtiatoiial stand this obseivation might be icpeatcd with veiy little tioublc, and with 
consideiable piccision, and an aveiagc thus taken would even give a value to the scale, pio- 
vided the declinations of both stais wcie coiiectly known at the time of obseivation. When 
the two stais are at some distance fiom each othei in light ascension the additional wiios F (t, 

and //J, aie recommended, as alfoidmg convenient moans of icpcating the mcasiucs of this 
denomination* 

15. When both the stais aic not seen in the field of the telescope at once, it becomes iie* 
cessary to vaiy the mode of taking then diffcicnce of declination tlius; fiisl set the micio 
meter pieviously to the supposed oi computed cliffcioncc of declination, and make the fiist 
stai lun along the honzontal wiie by the sciew of elevation only, and icad off, then, when the 
second stai auives, it must be made also to lun along the same wiie by only opening the seg¬ 
ments by the piopci handle, and when this leadingis obtained, half the sum of the two lead¬ 
ings will be the cliffeicncc of doclinatioii, piovuled that the two segments icccde in contiaiy 
diiections, by constinction, with the same velocity, asDollond lattoily made them, othciwisc the 
lesLilt will not be pcifcctly collect but with this limitation, the object glas'^ niicioinctci may 
be made to peifoiin the woik of a wiie iniciomctcu 

As the planets have sensible diaincteis when magnified, the inode of obsoiving them will 
lequiic moic minule duections, which thetcfoie wc will give in the authoi*s own wolds^— 

” The diffetence of tight ascension and declination between Venus oi Mcicuiy and the 
suns lunb, in their tiansifcs ovei the sun, aic to be obseivecl neaily in the same manner as the 

difference of light ascension and declination of two stais, but the piocess will peihaps be len 
dered clearer by the following dcsciiption y 




s 


In the fiist place, tutn the moveable wiies K JF, N S, into such a position that the sun's iioilh 
limb n, 01 the planet’s noith limb V, may urn along the wiic E TV, wlncli tlicioby becomes a 
tangent to the jieupheiies ol then discs 

“ Secondly, the scmicnculai glasses being scpaialcd to a convenient distunco, tinn the 
iniciometci about till the two images of the planet V v, jiass ovei the lioiaiy wnu JV ifl, at the 
same instant 

“Tlnidly, scpaialc the glasses of the micionielci to such distance, that the noilh limb V, 
of the noillicinmost image of the planet may touch the wire E TV, at the same lime, that Ihc 
noitheuimost limb n, of the southeinmost imago of the sun touches Iho same wire; and the 
scale of the nnciomctcr will show the diHcicncc of decJinalioii of the noilhoin limbs of the 
sun and planet. In like inannei, if the glasses of the micioincloi bo opened to a gieatcr m 
less distance (accouluig as the planet is ncaici the noith oi south limb of the sun), cveiy tlniig 
else icmainnig unmoved, the dilfeicncc ol dctlination of the sonthcin limbs of the sun and 
planet may be obscivcd, by bunging the soiiLlieuimost limb of the soiithciiimosl image of the 
planet to inn along the wiic F, TV, at the same time that the soulliciiimosl limb of the 
noilheimnost imago of the sun luns along Ihc same. Hall the dilleienco of those two measines, 
if taken iminedialcly altci one aiiothci, is cqu.il to the dilUnoncc of the declination of Ihe 
centies ol the sun and planol at the nUeimothiitc tune, without any legnul to the ipiantities ol 
tile diamctois ol the siin oi planet, oi the erioi ol luljuslmeiiL of the miuiomoleii 

“The dilloieiice of the tiansits of tlio castoin oi wosloiu limbs of the siin and [ilaiH'l 
will give the difleicnco of light ascension, as in the coimnon iniciometei. 

“ Instead of dilfeieuces of light ascension, dislancc.s of tlio planei lioin llio sun’s limb m 
lines paiallel to the cquatoi may be moie aeciuately absolved, as loliows 


r I-f 



''CTJ, 

i ii 


“The glasses being scpai a ted to a convenient distance, tuin both the wiies and iniciometei 
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about, so that the two images of the planet may both lun along the wiie E IF, and sepaiate the 
glasses so that F, one of the images of the planet, may touch tlie limb of the sun to the east oi 
west, 01 lathei both alteinately. Oi peihaps the following method may be picfeiablo. sepaiate 
the two images of the sun to any convenient distance, so as to produce a consideiablc angle of 
inteisection of the cucumfeiences at I anclTi tuin the wues about so that the planet’s centre, 
OI Its north oi south hmh may am along the wiie E W then tin n the miciomclei about till the 
two Intel sections/, pass the hoiaiy wiie 2 /jS* at the same instant, andthomiciomotci will bo 
in a propel position foi measuiing distances, ui a line paiallel to the c^uatoi, and tlio dis¬ 
tance of the planet fiora the sun’s limb in aline paiallel to the equatoi, will be obtained by 
only bunging the glasses iicaici togethci, oi sepaiating them failhoi, till the planet s limb is 
111 contact with the sun’s limb. If distances of the planet’s neai limb fiom the sun’s limb 
be thus taken to the east and west allcmately, and icduced to a given tunc, by allowing foi 
the motion of the planet by calculation, half the difleience of the two i educed mcasuics will 
be the distance of the planet’s centie fiom tlio middle of the choid of Ihe sun’s disc, passing 
tluougli the planet’s centie paiallel to the cqiiatoi at the given tunc, withoiil any icgnid to 
the quantities of the diameteisof the sun oi planet, oi the oiroi of adjustment of the mi 
ciometei. It maybcpiopei to leiniuk, thatwlicu the planet is bioughl to touch the sun’s 
hmb, the point of contact will be noith oi south of the planet’s conlic, accouhngly as the 

planet itself is noith oi south of the sun’s centie. 

In like mnnnej distances of Venus oi Meicuiy fiom the sun’s limb may bo measiucd 

III lines peipendiculai to the cquatoi. 


N 





The miciometer being bioughl lulo the proper position, in the very same mauiiei as foi 
incasuiing the diflfeiencc of declination fiom the sun’s noith oi south limb, as bofoic descabed, 
if the planet be biouglit into contact witli the sun’s hmb to the noitli and south altcrnalclj', 
half the difleieiice of the two measiiica ieduced to a given tunc, by allowing fbi the planet’s 
motion by calculation, will be the dilJcicncc of declination of the cenlies of the .sun and planet 
at that lime, without any logaidlo the diamctci of the sun oi planets, oi eiioi of adjnsUnentof 
the micjomctci. And tins would bo abcttei obseivation than mcasming the diffcicnce of 
declination of the limbs of the sun and planet by bunging them both iti contact with the 
same wue paiallel to the oquatoi, dcscubod above as the measimng distances liom the 
sun’s east or west limb in lines paiallel to the equatoi, is a bcttci obseivation than measuiing 
differences of light ascension of the limbs by Ume> By these two obsoivalions of distances ol 
an inferior planet from the sun’s limb in lines paiallel and peipendiculai to the equatoi, its 
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tiue place with lespecl to the sun’s cetiUc may be acciuately asceitainecl iluung any part oi 
its tiansit ovci the sun’s disc, and consequently its noaicst appioach to the bun’s ccntie, and 
the time of the ecliptic conjunction may be deduced with gicat exactness, although the middle 
of the tiansit should not be seen, and the sun should be visible only foi a small space of time 
siilliciont lot taking these obscivations ” 

The following oidci of making the scvoial obscivations with DolloiuVs iniciomctci, in the 
tiansit of Venus, was locomraendcd by Di Maskolyno to the obseivcis who went, on the pint 
of the Iloyal Society, to the Moith Cape and to the South Sea, which may scive to elucidate 
then ohsci vations * Instiuctions to the hko effect weie also given to othci obseivcis, sent by 
the Iloyal Society to Hudson’s Bay, and the noilh of Ii eland on the hamo occasion I. 

“ Fust, innnediatcly aftei the hist intoinal contact, you aic to ohseive scvoial diamoteis 
of Voiiiis (sujiposc 12), with 0 of the veinici placed alteinately to the light and Icfl hand oi 
the beginning of the divisions of the scale. 

“ Secondly, You aio to obseivo scvoial diflbiencos of declinalion of the iioithcin limbs of 
the sun and Venus, and the soiithein limbs of the sun and Venus alteinately. 

“ Tliiully, If theic be consulciablo tune left bofoie the middle ol the tuiiihit, you aic to 
obseivc distances of Venus fiom the sun’s hmb, to the east and west nUciimtoly, m linos pa- 
lallcl to the cquatoi. 

“ Voiuthly, If thcie still icmaiii considerable time between the imddlo of tlic lainsit, you 
aie to obscivc sovcial times the hoii/ontal diamelei of the sun. 

» Fifthly, You aic to begin at least luilf an houi (an hour would ho bcltci) bcfoie the 
middle of the tiansit to measuio the neaiest distance of Venus fiom the Sim’s limb, and the 
faithcst disfanco of Venus fiom the sun’s limb, alteinately. 

“ N.B. 'i’ho same position of the miciometor will serve for both, without tui mug it about, 
'riioso obscivadons aie to he contiiuicd till ihcvciy rauldlo of the tumsil, when the distance 
will contimio the same foi .i litllo space of time j but it will ho bctlci lo continue thorn i'oi 
some time loiigci. 

“ Sixthly, The same obscmtions'whidi wcio taken bofoie the iniddlo of the transit, oi 
such as could not, thiough some impediment, be obsoived bcfoio, niaybopropoi to bo obseivcd 
allci the middle of the tiansit 

“Seventhly, It will be lulvisoahlc to piacliso obsoivnlions snniliu to these hcie recom¬ 
mended, picvioiis to the tiansit of Venus, by means of spots m the sun.” 


§ XXIX 

/ 


EXPERIMENTAL DETI5RMINATION OE THE FOCAL LENGTH AND ERRORS OF A 
DIVIDED OJJJEC1VLEN.S, USED WITH A GR15GORIAN REFLECTOR 


1. In a mcmoii, sulla Figura esul Tempo della Botamne del Sole, wiitton byOltaviano Fabiizio 
MossotU of Milan, and published m the BJemendi of Milan, of tlj^yeai 1831, some expeii- 

* See Philosopliical Trimsiictiotis, Vol LIX p. 200, niul Vol LXI p 307 
I Sec Ibid, Vol LIX p 480, and Vol LX p 488 
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inents aie detailed by means of which the focal length of a divided object Ions was asceilamed 
and Us CHOIS pointed out, when applied befoie the apcituie of a Shoit's leflecting tcloscopo of 
the Gicgoiian constiuction, the substance of which memoii has been Jaiidly iiul into oui 
hands by the ingenious and learned authoi himself, and furnishes a suitable addition to the 
pieceding aiticle, The dimensions of the leflectmg telescope in question aic given m Fieuch 
measui es, thus, * 


FI 1 r* IMUlSi 


Distance between the two lenses of the eye piece .... 

. . 0 

3 

0 

Distance fiom the laige miiioi to the second eye-lens. . . 

0 

0 

11 

Distance of the laige miiioi to the divided object-glass . . 

o 

1 « w 

8 

5 

Focal distance of the first lens, next the oye ..... 

. . 0 

1 

6 

Ditto of the second lens . . . 

. 0 

3 

0 

Ditto M the small muioi . . . 

0 

5 

1 

Ditto of the laige miii'oi . . , . . . 

. 3 

0 

0 


S. The focal distance of the divided object-glass being of consideiablc length, could not 
be conveniently obtained by daect lineal ineasmement, and was Ihoicfoiedetciiniiiod by moans 
of an object of a known length placed at a measuied distance, agreeably to the following foi- 
mula. Let k denote tiic length of the object, a its distance fiom the divided object-glass, •md 
b the quantity that measui es the scpaiatioii of the two halves of the object-glass, tlicii the focal 
distance f of the seiin-lcnses and gieat speculum togethei will be had by the equation 


3, On a vertical wall to the noith of the Milan obseivatoiy, two white bands wcic painted, 
and on the suiface of these, two black lines weie diawn hoiuontally, at tlio distance of 5 ,8 
ineties fiom each othci, but in such away that the cuds of the two black linos, both com¬ 
mencing fiom the same veitical line, weie earned one towaids the cast, and the othci lowaiils 
the west When the helioinetci, oi iniciomctiical telescope, was dncctcd to tiio middle point 
between the two hotizonfal and paiallol lines, it was dcpieased 1° 57' below Iho line hoiizontal 
line, and tlieiefoie the distance & ,8 mctics was leduced by using the cosine of 1“ 57' as a 
multipliei, and the lesulting distance became 5 7967 meties foi the length h of the object, the 
distance of this middle point fiom the object-glass was found 650 93 mctios = < 7 , and when 
llie two scpaiated paiallel lines weic biought, by scpaiation of the soini-lcnscs of the instill¬ 
ment in good vision, into one continued stiaightlmc, the distance between the cculies of these 
seini-Jcnscs was found = 4,5536 inches = b. By substituting these values of b a and b 
accoichng to tlie foiegomg founula, we find/= 511.3357 niches 

4> Aftei having tlius obtained the value of tlic focal distance, it becomes easy toconstiuct 
a table that will give every value of b, that is, the angle « coiicspondmg to ovei) distance 
between the centies of the two semi lenses used as an object glass, and the following equation 
will be suitable foi tins puipose, viz. 



Tang, ^ a 
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A TABLE OF VALUES COMPUTED FROM TUB FORMULA 


b 

a 

b \ 


---— T 

h 


- 1 - mi 

b 

CC 

1 

b 

H 

. .. 

INCHES 

1 

G' 4S".38 

0.1 

O' 40".34 

0.6 

4 2" 03 

0.01 1 

4". 03 

0.06 

24" 20 

2 

IS 2 G .70 

0.2 

1 20 .G 8 

0.7 

4 42.37 

0.02 

8.07 

0.07 

28 .24 

3 

20 10.14 

0.3 

2 1.01 

0.8 

5 22.70 

0.03; 

12.10 

0.08 

82.27 

4 . 

2G .53 52 

0.4 

2 41 .35 

0.9 

6 3.04 

0.04 1 

16 .14 

0.09 

36 30 

5 

33 3G.90 

0.5 

3 21.69 

1.0 

' G 43.38 

0.05 

20.17 

0.10 

40 ,34 

1 


The labulai values heic given aio lo the hundiodths of tin inch , but should the scale rcpie- 
beiiLcdby bcsiibdmdcdby aveiuiei, oi olhcivviso into thoiisaiulLlis of nuinch, the coiicspoml- 
ing A'lduos may bo iciiddy had by using the column 0.01 instead of 0 . 001 , and c.iiiying the 
decimal point in the column « one figuio to the left, thus O.OOdi in column b will h.ive the 
value in column a, 

5, When the object viewed is so ncai, that the lays of light coming fiom it cannot he 
considei'cd as paiallel, it will be neccssaiy to iccluce the values of b, ns given by the scale of 

the divided object-glass, by imiltiplymg them by 1 — *^5 wheie a denotes the distance of the 
object fioin the said object-glass. 

G. Some ohsoivcis have supposed that the luimbois given m this table will icqiuio a cor- 
lection, when, fiom a defect in then sight, they h.ivc been obliged to leniovc the small inmoi 
foi the salco of dislmct vision, liom tlio position iliat is nocessaiy Ibi making the lays piocecil 
paiallel out of the eye piece, Inil the thcoiy sbow.s lliat tins supposition is ciioncons. When 
a niimboi of obscivcis, with eyes dilTeicntly coustiiictcd, lake the nioasui’c of the same angle, 
it will uulocd often liappcn that then incabuics will dilfei fiom each olhoi by 12" 01 15", when 
the whole angle i& as much as 30', .ind hence the lufeicucc nnscs, icspccting the necessity of a 
collection foi the ciioi of the eye; but this clitfeiciice will occm to the same obseivci', lij fbr 
tlic sake of distinct vision, the small miiioi' bo a little displaced by the adjusting scicw. Jf 
the place wlicic the small mm 01 is situated to give distinct vision wcic a poinl, it would be 
easy foi any obseivci to find that point, and the lucasincs taken by diflbicnt obsei’veis, and also 
by the same obscivei, as the total angle vaiios, would be equal to one anothci, but with the 
instrument under coiisulci ation the small niiiioi might bo moved ton 01 twelve thousandths of 
an inch, without pioducmg any seiibiblc thfibicncc in the disUnctness of a visible image, and 
consequently diflbiont obscivcis adjusting, each loi himself, might place the small mirioi m as 
many dilfeicnt points as aic contained 111 tins inteival, and consequently would have as many 
diflbicnt measuies. The ical cause of this defect in the instiument, is the aboiiation of the 
lays of light that fall on cliftcicnt paits of the siuface of the divided lens, and aie so diffoicntly 
icfiacted, bofoie they aie incident on the gieat speculum, that they arc not all united again m 
one focal point, but meet at diflbicnt points 111 a sti .light lino, .sons to foim a succession of 
images at diflbicnt distances fiom the eye-pieco. Hence, if the observer does not confine his 

VOL. n. A A 
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obseivation to the same image constantly, the lesult will be the same as if he moasuicd with 
object-glasses of diffeient focal lengths. In ordei theiefore tliat obseivations made with an 
instiument of this description may be comparable with each otliei, it is necessaiy that they 
should be made by using images that conespoiid always to the same focal distance 

7 . The focal distance fiom which the pieceding table was constuicted, was ascci tamed 
fiom viewing a tenestual object, which consequently was not at an infimte distance, and when 
we turn tlie telescope to a celestial object it becomes necessaiy to le-adjust the small rainoi by 
its proper screw, weihustnot however stop at any place wheio wc fancy that we have got the 
best vision, but we must displace the small mnioi such a quantity only, as will enable us to sec 
the heavenly object witli the mxe Jbcal distance that is neccssaiy foi giving the line mcasiiie, 
The pioblem foi finding this exact quantity is icsolvect in a memou on the Theotk ffes 
Lunettes, given by Lagiange, in the Memoiis of the Academy of Beilin foi the yeni 17785 and 
the solution depends upon an equation of the second degree, to which wc beg to lofcr the 
inquisitive icadei. In the obseivation of the two lines above desciibed, the distance of the 
small minor, as computed by that theory, comes out 28 .96207, and in this instance the dis* 
tance ought to be diminished by 0,02053 inches, when a celestial object is to be observed with 


the same focal distance. 

8 , The aiithoi of the meraoii which we have consulted on the subject of the hohomotcr, 
lecommends that the axis of the sciew, which moves the small minor, should cany a veinici 
to load with a scale, engiaved on the exteiioi suiface of the metallic tube, which was the con- 
stmction of the instiument he used, and witli his vernici could be disliuolly 

load. When the measure of the two painted lines above desciibed was taken by the lolescopo, 
the vernier indicated 0,004< of an inch, and Reaumur’s thcunomctci stood at 14°. Then to 
make an observation of a heavenly body undei such cucumstances as would coiiespond with 
the tabular quantities pieviously computed, by giving tlio imago in its piopei focal place, it was 
necessaiy to diaw the veiniei a small space measuied by 0.02058 towaids the eye of the 
obseiver, 01 it should indicate 0.024)58, winch quantity is = 0 ,004 + 0 0S05S 


9 . When the length of tlie tube is altcied by a change of tcmpeiatuio, the small minor 
will be displaced a little, and when the quantity is computed, the veimei must be used to 
adjust the distance fiom the laige miiror which the table icquiios. In the msliunicnt of 
Mossotti for instance, when the temperature was incieased 10° of Reaumiii’s scale, the small 
miuoi was removed fiom its tiue place 0,0075 of an inch. This may appeal but a small 
quantity to be noticed, but the aulhoi shows that the effect produced on the measiue Iheicby 
would be the same, as if tlie focal distance of the semi-lenses, composing the object-glass, slioiilil 
be incieased fi’ora511. 3357 to 514.84' inches, and that when an angle of 30'is nieasuied, 
with the small mirioi so displaced, the measiue will exceed the tuie one tabulated by 18". 

10. Saveiy, of Exeter, who was the fiist peison that contnved a hehometer, consisting of 
tiyO object-glasses, in the year 1743, proposed to measuie the diffeienco of the sun’s diamc* 
teis when m the apogeal and peiigeal points when the difference of teinpeiature was found to 


affect the measuies in a veiy sensible degree. 

n. Anothei remailcable fact, discoveied in using Short’s telescope with the objcct-glass 


* Sliorfc'si Acconnt> in Vol XLVIII of the Philosophical Txansaclions of London 
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miciometci, Wiis, tl)at the distance at which the small miuoi lequiied to bo placed, to piodiicc 
distinct vision, vaiicd with the quantity o( the angle to be mcasuied. when tins angle was 
about so', it was found ncccssaiy to make the small minor appioach the eye by 18 oi 20 
thousandths of an inch moie than when the angle was only 8 ' To account foi this ncccssaiy 
change of distance, we must considoi that, when a small angle is mcasuied, the lays of light 
pass thioiigh the cential poitions of the scmi-lonscs, but that, when a laige angle is leqmied to 
be ascei tamed, the images aic foimed by lays passing tluough then ends, and the dilFeience in 
the abeuations is the cause of a small dilTeiciice m the visible focal lengths. 

12 . This phenomenon is the same as that which was obsci ved by Ccsai is, and insei led in the 
EflPemeiidi di Milano of the yoai 181Q, as ]noducing a bad qHogI on ihe collimation of a tele« 
scope, by changing tlie position of ilic lines in the focus of the object glass. In the ex])eiimcnt 
made by this aiithoi, the ccntial pait of the object-glass was covered, and the exiiemo lays 
only pel milled to cntci the telescope, the aboiiation of which not only changed the length of 
the focus, but altcicd the lino of collimation. This cxpciimcnt however proved moicovci, that 
the figuie of the object-glass was not good. 

IS. When It IS found that the focal distance of a divided object-glass vanes with the aepa- 
lation of the semi-lenses, and that eacli object-glass will have its own changes, dcpoiulmg on 
the quantity of lolativo abeuations occasioned by the figiue, the only remedy for llio criois 
thus piodnced will be, to ascoitain then amount at two oi tlueo given iJoiiils of the .scale of 
sGpaiation, and to inteipolate piopoitional paits in a second table of corrections, to be applied 
to the tabnlai quantities computed fiom icgulai multiples. 

I'i The last souice of eiioi, against winch it may bo ncccssaiy to guard the observations 
made by the hehpmetoi, is that winch gives difleient moasuics by being taken m diflcient 
diiections, when the angle i.s the same. A defect iii the adjustment of the miuois, oi in thou 
figiues, iclativcly to each othoi, may mako the racasuio of the vcitical duunctoi of atiuc cucle, 
placed peipendiculai to the axi,s of vision, somewhat different from the apparent moasuic of the 
hoiwoiital diamctci, which is said to luive boon noticed by Amici. An ciior of this desciiplion 
is detected by first getting a nice ineasuio of a cucle, elected at a considciablc distance pcipoii- 
dicnlaily to the axis of the telescope, and then by tuuuiig the divided objpct-glass round, winch 
opoiation will show, by a ievolution of the two images of the circle iomul one another, whcthci 
all the diametcis aic of the same appaient dimensions 

15. Fiom the considoiation wc have now given io the souicos of onoi m the use of an 
holiomctei, which piobably contubuted to dimmish the confidence that might otheiwiso have 
been placed ip (his convenient but expensive instrument, wc may iccapitulalp them under the 
foul following heads, viz 

Fust, a vaiiation m the place of the small nniroi when placed by estimation of the eye 
only, 

Second, a vaiiation of the length of the lube by change of Icmpcratiuc, occasioning a 
conesponding change in tlic place of the small minor, and a consequent inaccuracy of mcasnio 5 

Thud, a change of focal distance, when cential and exUemo lays are mdiiffcicntly used, 
paiticulaily when the aberiation fiom (he spheiical figuie of the semi-leuses is consideiablc j 

Fouith, want of adjustment, 01 of perfect figiues in the minors, as they icgaid each 
othci, which defect may occasion the measuies of the same angle to vary when taken m diffoi- 
ent duections. 


A A 2 
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§ XXX DOLLOND’S IMPROVED OBJECT-GLASS MICROMETER |;;PiArj V] 

1. The objections which have been shown lo exist against the use of Dollond’s object-glass 
miciometei, when applied in the foitn of a divided single lens, befoie the apeitme of a ic- 
flecting telescope, have been obviated by an impiovcd constiuction, which wc shall nowdescube 
as biiefly as the alteiation in the instiument will achioiit of, by giving the same letteis of ic- 
feience that wc have alieady used, in om twenty eighth section, to lepresciiL the same paits. 
The impioved micronielei is lejuescntcd by h’lg. S of Plaic V, but without the long handles 
it consists of two oblong or elliptic halves of a double glass, so compounded of ciown and 
flint pieces as to be ncaily achromatic, but not quite so, yet when used with au appio 
priate object-glass of aiefiactmg telescope, the two used togcthoi constitute au achiomatic 
object-glass, that is capable of pioduciiig double images ficc fiom the impoifcctions desenbed 
by Mossotti, and capable of giving accuiate incasiiies, as a double-unage iniciometcr. The 
divided compound glass is of the concave clescuption, and theiofoic lengthens the solai focal 
length of the icfiacting telescope, of which it fonns a poiUon. We have not asceitamed the 
date of this impiovcment, but we have been assiued by Mi. Gooige Dollond, that it com¬ 
pletely answeis its intended pin pose, when caiefully made the expense howcvei is noccssarily 
consideiable, fiom the complexity of tlie constiuction. 

When a ciiciilai Ions is divided into two halves, which slide by the sides of one anotliei, 
as in the oiiginal constiuction, the metallic paits m which they aic bedded, covei moio or less 
of the telescope's apeitiue, accordingly as the centres of the scmi-lcnsos aie sepniated by a 
larger or smaller quantity, and consequently wlienevei a laige angle is incasurotl, the gieater 
portion of the aperture is thus covoied, and the light that is admitted, winch ought always to 
be copious in double-image uisLiuments, is propoitionably diminished, this evil is ciued in the 
improved objoct-glass inlci ometer, by the substitution of two long slices of glass, taken from 
the diametiioal poition of a laige lens, winch, being tieaily six inches in length, ho over the 
apcitiue of the tube in evciy state of longitudinal sepaiation, and thciefoic impede not the 
admission of any incident lays of light To pievont unicfraclcd light gaming admission, it 
IS neccssaiy that the stuught edges of Iho two portions of the divided compound glass, that 
come in contact, should bo well giound, m doing which some poition of the ccntial paits of 
the cuived surfaces will be annihilated, and double images wdl be lateially foimed voiy neai 
each otliei, which can novci bo made to coincide j this vacant space, which has been made by 
grinding the edges stiaiglit, answeis howovoi an impoitant pin pose, by admitting a long brass 
scale and vcrnici to occupy it, of a thickness equal to the quantity of displacement of the 
true conti es, and the only inconvenience, attending the intci position of the scale, is the loss 

of BO much light, as might be admitted in the diametucal stiip ciossing the telescope’s circular 
object glass. 

8. The letter A in the figuie shows a portion of the extreme end ol the telescope’s tube, 
and the rim of brass, attached to the mici ometer, which surrounds the lube A, and fixes it 
to the micrometei, C (7 is a moveable frame having teeth at the outer edge, and cai tying one 
of the halves G, of the divided glass, while a similar moveable fiame, not so well seen, cairies 
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the othei half 2^, and has also teeth on its icmoLe edge, to the ftatno CC the scale w made 
fast as an edge-bai, and divided into six inches, each being snb-dividcd into twenty pails, and 
leading witli a veiniei of 25 divisions, whicli is caiiicd, as an edgc-bai, by the othei fiamc of 
the second poition of glass F It appeals fioin the flgitic, as tlioiigh each half of the divided 
glass would lequiio a sepaiate handle foi moving it, bnt tins is not the case • n fixed plate 
II H\ scicwed to the urn JB, and having a cuculai hole at the muldlo, foiins a hod foi the 
two sliding fiaines, and supplies them with gioovcs to slide in, into which iho toothed parts 
entei, and aie thcieby m a gicat incasino concealed , then aimg foi mod into a wheel, and cul 
so as to conceal no pait of the apeituie, which it siuioimds, connects the two lacks oi toothed 
edge-bais, in such way, as to pioduco contuuy motions ui them, foi the ])Uuon held by the 
milled head, oi long handle substituted foi it, gives motion to the fiamo G C in the iiist place, 
and then to the second fiamc F, tluoiigh the modiiim of the concealed wheel, with which it 
also acts, and a concealed second pinion acts with both likewise at tlic opposite edge, which 
mode of action may be inoic leadily conceived than dcsciibcd, without a detached I'cprC' 
sentation in anothci figure, Thcicis also hoic the mechanism foi giving the lotiviy motion foi 
the leqiusite position of the itnciomolci in any given obacivation, which is also lud fiom the 
view, and winch icquiies a second long handle to come within icach of the ohseivci’s hand. At 
I, is a cock and fine setew foi adjusting the vcnnci tozeio, when the two images ol'an object 
coincide. 

4-. The mode of using this object-glass miciomclei is in cveiy lespect the same as that of 
the oiiginal instuuncnt applied to a icfleclmg tolcscopo, which wc described in our twenty- 
eighth section, and a value can be given to its scale lin the formation of a Table in the inannoi 
aheady explained m the said section. 


JXXXI DIOPTRIC MICROMETERS BY RAMSDEN AND G DOLLOND. [Pi.atji V] 

1. In consequence of the difliculty of moasming the diameter of a planet with a wiic mi- 
ciometei, in any other ducction than in a line at light angles to its appnienl path in the 
telescope, and also on account of the uncerUunty attending the use of mi object-glass mi« 
ciometei, as constructed in llainsden’s tunc, this eminent artist contiivcd two double linage 
iniciomctcis, one and the othei diophic, of which his dcsciijition was published in 

the 69th volume of the riiilosoplucal Xiansactions of London, ui the year 1779 . As the 
lattei of those, in its consti notion and use, greatly icseinhles the instiiunont wliicli wc last 
dcsciibed, we shall give an account of it, and of a similar one lately made by G. Bollond, 
in oui piesent section. 

2 “By the position of the (object-glass) miciometci,*’says Kamsdon, “oveiy cnoi of its 
glass lb magnified by the telescope, and if each surface of the miciomctor glass has not, m 
eveiypail, piecisely the same ladius (which opticians must allow to be exceedingly difficult 
to effect), theie will be a consideiablo error in the angle to be measuicd, and the eye applied 
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to the dififeient paita of the pencil will, without moving the iniciometei, see the images of the 
object m the telescope fluctuating, sometimes appealing.to oveilap, and sometimes to sepaiate 
fiom each otlieiv But supposing the glass itself to be peifcct in its substance and m its cm- 
vatme, theie will yet lemain iinpeifections which ause fiom its principle A miciomotei glass 
appliefl to a telescope causes a veiy consideiable abeuatioii If the focus of the glass is 
positive, the extieme abeuation will be within the geomctucal focus, if negative, it will be 
beyond it: and the abenation not only affects the distinctness of the image, but also the angle 
measmed by the microraetei.” theiefoie,*' says the authoi m a subsequent pait of his 
paper, ** have employed foi the imciometei-glass one of the eye-glasses leqiusito in the common 
constiuction of the telescope, but if it should be found nccessaiy to apply an additional eye 
glass foi tile convemency of enlaiging the scale, I am able tbcicby to coiiect both the colouts 
and sphencal abeiiation of the fiist eye-glass. This miciometei is applied to the eiect eye- 
tube of a refiactmg telescope, and is placed in tlic conjugate focus of the flist (inneimost) eye¬ 
glass! hence aiises its gieat supeiioiity to the object-glass miciomctei. It has bcfoio been 
obseived, that, if a miciometei is applied at the object-glass, tlie impoifecUons of its glass me 
inagnifled by the whole power of the telc.scope j but m this position, the imago being con- 
sideiably magnified befoie it comcvS to the miciometei, any irapoifection in its glass will be 
inagnifled only by the lemaimng eye-glasses, which (inciease) m any telescope seldom exceeds 
five or SIX times, By this position the size of the micioinclci glass will not be the Tl-^th pait 
oftlic aiea, which would be loquiied, if it weic placed at the object-glass \ and, uolwithslanding 
tins gieat chspiopoition of size, which is of gieut moment to the piactical optician, the .same 
extent of scale is preseived, and the images aie mufoimly blight m cveiy pait of the field of 
the telescope.” 

S. In this quotation Rainsden has fully explained his leasons foi picfciiing the adoption 
of a divided lens in the eye-tube, and he then piocceds to explain the constiuction of Ins con¬ 
trivance by a figure, that veiy much lesembles oiu Figuic 4i of Plate V, which is a pcispcctive 
repiesentation of a similai miciometei, lecently constructed foi us by the jncsent Dollond, 

We will fiist desciibe the modem constiuction, and then point out how the oiiguial one diffciccl 
fiom it. 

4. In our figuie a b ih a, brass plate six inches long and two and a half wide, which is 
concealed by the paits that he ovei it, upon the sides of t{ns jilate aio set owed longitudinally 
a pair of paiallel pieces c d, and ef, which aie so labbeted lengthwise, as to allow the indented 
jsides of anotheipaii, of biass pieces to pass undei them, these indented lulcis hold each a 
long slip of glass, gh, and i k, which aie gioiind uito long flat wedges appaionlly, but whicli 
we undoistand are ladial slices cut fiom a laigc lens; the undci sides of the indented luleis, 
01 glass-holdeis, have each a string of biass that luns in a dove-tailed gioove, made in Iheiinaiii 
plate, which keep the sides of the two glasses in contact thioughoiit then whole length, 
whethei in motion oi at lest. As in Dollond’s improved object-glass raiciomotei, an indented 
img surrounds the cential apeituie made in the middle of the plate, and is at hbeity to turn 
lound aninnei fixed ring, when actuated by eithci of two concealed pinions, the milled bead of 
one,of wUich IS seen nem /, and the otliei lies opposite it, and undei it in oui di awing. the iing 
which is indented at the outei circle is two inches and a half m diamctci, is placed on the 
hack face of the plate, and is kept in its place by a small square plate, like plate p q, seen 
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holding the eye-Uibe n in fiont, it leachcs acioss both the indented glais-liolders, the teotli of 
which are also sepaiatod two inches and a h.ilf on the fiont side of the plate j then each of 
two pinions, with teeth that will ieach‘both the indented iing and glass-holders, aet«at opposite 
sides of the iing with both at the same time, so that if eithci of the two pinions is tuined by 
Its milled heiul, all thei indented pieces, including the second pinion, being connected together, 
aie obliged to move contempoianoously, but the teeth of the glass-holdeis, being situated at 
opposite sides of the indented nng, move in contiary dnectioiis, and thus sciiaiatc longitudinally 
with a double volooity. The sgiiarc piece of biass, pq, is scicwodfast to the labbeted sidc- 
piecos c d and ef, but has its uppoi edge cut away, to show the voinici and a portion of tho 
divided scale inaikcd on the piece cd, tho divisions of which aie too small'to bo inseitcd so us 
to be visible. 'J’lio sopaiation shewn by the scale iS ncaily five niches and a half, each of 
winch inches IS divided into ten pints, and asdlic vOrmer has ten divisions co exlcnsivo with niiio- 
tenths of the inch, it loads ^th of -th =: iJjth of an inch by tho coincident linos* The eye-lnbc 
n screws into the small sqiiaio plate j?) q, and th? second poition I sciews into a similar plate, 
and when these two poitions aie detached, they will sciew into one anolhci, and form an 
oidinaiy tciioslual cyo-pieco, witliout the micioinctncal appauitiis. The long tube n contains 
the pail of cyc-leiiscs at o, and the slioiler portion I corttinns the field and amplifying lenses, 
the lattoi of which comes almost into contact with tho suifaces of tho long sliding glasses, that 
sepaialc and pioduco tho two images of any object, at a gicatci or smallci distance from each 
otiioi, accoidiiig to the quantum of scpauition. Tho part »i,'surioundmg tho soooiid piece of 
tube I, is lui adapting piece of tube, that sciews into tho telescope, and allows a cucular motion 
to be given to the miciomotei, as the position of tho object to bo incasuied may require. Tho 
scale extends about ,t,Ui8 of an inch behind aeto, to allow of the index ciioi being deteimined, 
and also of a small object being measuied on both sulcs of aeio. In tins miciomotci the 
quantity mcasiucd is vciy small m coinpansoii with the total length of the scale, and the 
value of the scale, as iii othci constructions, vanes inversely with the focal length of the tele¬ 
scope made use of. 

fl. llainsdcn’s dioptiic miciomctor dilFeicd fiom the one wc have hoie dcsciibcdpiincipally 
in tlicse icspocts} tho indented edges of the glass-holdois wcie tinned inwauls, so that one 
pillion, placed between them, moved them both in opposite duocUbrts, tho scale was figuied 
fiom both ends (o zeio at the middle, and a sopaiate vcimci was placed at each side of zero, 
foi leading obseivations made to the light and left of it} the divided slips of glass woio 
placed at the othci side of tho amplifying lens, in the conjugate focus of the field lens, wlicioa 
small diaphiagm is usinilly inscited, and it had a giadnated cuclc by which po.siUons might be 
indicated, othci wise the cxtoinal appcaiance of tho original diawnig icsembles the leprcsenta- 
tion wo have given of Dollond’s so much, as to icndcr scpaiate figiiios unnecessary for the 
puipose of desciiption. Wc have not boon able to asceilain whcthei or not Ramsdon actually 
made the insLuiineiit of which he gave a dosciiptioii, as wo do not find any lecoid of incasnics 
taken with it, indeed the potential cxpiessions used in his account scorn to nuhcalc, that the 
contiivance was one of those pinjecls, winch liad its existence on papoi only} and this pioba- 
bilityisconfiiincd by the circumstance of G. Dollond having put into oui hands his insti ument, 
as one leccntly contiived, befoic we pointed out to him tlie account wlucli Ramsdon liad 
wiitten of a similai mstiument about foity yeais before, at which obseivation he evidently waa 
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surprised, and said he had not heard of it. The instruments howevei aie so similai, that we 
are disposed to consider the two constiuctions the same. On learning that Mi. Davies Gilbeit, 
for whom Dollond made his fiist instiument, had not made much use of it, wc gave an oidei 
for a similar one for ouiselves, that we might put it to the test of actual obseivations, and though 
the puce waa twelve guineas, we have no reason to be dissatisfied with oui pin chase 

6 . The weight of this inicioinetei was found so gieat, that it is unsuitable for being an- 
plied to an achromatic telescope of oidinaiy dimensions, mounted at the centre of gravity on a 
tiipod in the usual way, because it bends the tube a little, and makes the eye-end gieatly pie- 
pondeiate 5 but it may be used with a long telescope, that is supported at both ends, with gieat 
advantage , and still better with a Newtonian 01 Ileischehan, to either of which it may be¬ 
come a good eye-piecc, and a change of the eye-lenses, oi a change of then distance from the 
imciometei, effected hy a sliding panel atic tube, will piodiice a change of magmlying powci. 

7 . In a foimer section (§ VII. 2 ) we have said that the modern toiicstiial eyc-piece foinis 
a compound micioscope, an 4 accoiduigly we find that the clioptiic micromeici, used as an m- 
stiument of tins kind, will raeasuie a small insect, 01 otliei diminutive object, in a beautiful 
inannei, by means of the double images, when then opposite ends aie brought into exact con 
tact when an ivoiy scale, neatly divided lUto the hundiedths of an inch, is made the object, 
we find that ten of those divisions 01 one tenth of an inch, in its natiual stale, will be ineasuicd 
by 4i 8 inches on the scale, in its magnified state. 

8 When we had applied Dollond’s instiument to our Newtonian telescope niitnbeied 4 
(§ XL 15.}, of 71 7^ niches solai focal length, the double images were beautifully foiined, and 
the piopei value was assigned to the scale by one of the methods explained in oiu innetecntli 
and twentieth sections 5 the sun’s diamelei being too laige to be measured by tins micioineter. 
The following Table was constiuctcd fiom the value belonging to a single inch of the scale, 
which wc subjoin as a specimen, that may be copied for any telescope of the same focal length, 
or may be altered by vaiymg the scale of values to suit a telescope of a dinbienl focal 
length. 

9 . A TABLE 

% 

OP THE VALUES OP DOLLOND’S DIOPTRIC MICROMETER, APPLIED TO A NEWTONIAN 

TELESCOPE OF 71 75 INCHES FOCAL LENGTH 



Foj Incliea 

Tor Teiitlis^ 

I 01 lIuiKliCdtlH 

1 

% 

3 

4< 

S 

Q 

7 

8 

9 

10 

0 ' gf}''S5 
0 S8 .SO 

1 27.75 

1 57 .00 

2 m.ss 

2 S5.60 

3 24 .75 

S 54 . .00 

4 23.25 

4 S2.80 

2 ". 925 

5.850 

8 775 

11 .700 

14.625 

17 .550 

20 .475 

23 .400 

26 .325 

29 .250 

0 ", 2 g 3 

0.585 

0.878 

1 .170 

1.463 

1 .755 

2 .048 

2 .340 
2.683 
2.925 

; 
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10. A '3 au c'Kample, lo illustetc the use of this miciomclci and of the Table, we directed 
this Newtonian telescope to a window in a noighbouiing pjmsh, winch had its wooden fiamo 
painted white, and, applying the miciomctel, and obtaining good vision, we divided the two 
imaacs inst sufiiciently to bung ficst the ends of the fiamc into exact contact vcitically, and 
then the sides hoiizontally, and the ineasuics weic as follow 

roll 'iiii in.ion’i ion uiiu ])ni..iuiii 


ItlCllGSl t 

t * «« « « .1^ 

27 " 750 . 4 

* ll« AVkl 

57".000 

Tenths. . . 

«0 #»• * * 

17 ..550. 

.8 . 

8,775 

IliiiuUcdths * . 

03. 

0 .876 . 

ft03« «««§**# 

0.878 


I 1 1 11 ■ 11 ^ ■ I I I P r III tail! I ■ 

Whole measiiic . 1=1 40 I 7 C.. ..2 6.653 


To piove the accimicy of these incasin'cs, wo applied olhei instruments to the saitic object 
fiom the Stunc station, and obtained the subjoined satisfictoiy confiimalion. 


With 'I’ol. 4<, and a glass scale we had 7 • x 14". 11 
With do and Tionghton’s iniciometci 3 . 83icv. 
With Tel. .5, and do. [§ XIX. 6.] ... 4. 08 
"With I el. 2^ and do..... ..... .......... 2.305 

With "J'cl 1, and do.1. 63 


iDiirni 1 

=1' 46".53 and [) 
=1 4() .20 and 
=1 46.48 and 
£=1 46 .80 and 
=1 46 .35 and 


mnuDiii 

xl4."ll=iQ' 6" 99 
4. 55=2 6.76 
4. 85 = 2 6.58 
2 . 745=2 6.58 

1. 94=2 6.57 


Avoiage of (he five ....=1 46.87.. =2 6.68 

I|i the hist of these moasmes the value of the divided glass scale, 14".ll in each division, was 
obtained fioin the conslant quantity 1012"..8 divided by 71 •7*'>» 6io focal length of the New¬ 
tonian telescope, agiecably to oui duections above given. [§ XXI. .5.] Wo have picfeiiod 
taking ihese coinpai iitivc measnies lioni a stalionaiy distant object, lathci than fioin a heavenly 
body in motion, but the same mode will apply to talcing the diameter of a planet, or the 
distance between any two contiguous bodies. 


§ XXXII DIOPTRIC JWICROltlKTPJR CONSTRUCTED BY T .rONJ5S [Pj.atj. Ill] 

1 Mu. Tionghton infoims 11 s, that wlicn a Captain Countess, R.N. by accident broke the tliird 
lens of a foin-glasscd tciiostiial cyc-piccc of his telescope, he observed that each piece of the 
lens pioduccd a scpaiate image in the field of view, more 01 less distinct, accouling to the size 
of the poi tion that pioducod each image This occmicnco, it is said, led to the contiivance of 
the coming-np glass, that was fiist made by Nan no with a double sciew, similar to Gascoigne’s, 
to sopaiate the halves of the amplifying lens; and fiom him llamsdon, it is thought, bouowod 
the idea of dividing a lens into two equal halves foi the dynameter, and also for the double image 
choptnc miciomctcr which wo desenbed in our last section. 

2. The fust telescope of this kind that fell undci our notice, was in the yoai 1819, la the 
Isle of Jersey, which we pmchased at a toy-shop, and which had formerly belonged to a naval 

\OT., 11 . B B 
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officei in tlie English service It does not appeal that this telescope, 'which was only of two 
and a half feet focal length, made by Watkins of Chaiing Cioss, had been applied to any other 
than naval purposes, and indeed the woikmanship was not sufficiently collect, to be applied to 
astronomical observations, even tiioiigli a laigei telescope had been used with theimciometiical 
eye-piece. It was howevei obvious, that the contiivancc, well executed, might be seuiceablo 
as an astronomical miciometei, and Thomas Jones aftei wauls constiiictcd us one foi this pui- 
pose, which will measiue as laige an angle as any telescope will take into its field, with gient 
convenience and accuiacy, and which in oui opinion is pi efei able to the divided object glass 
micrometei, as an heliometei 

S, Two views of the miciometiical poition of the cye-piece made by T Jones aie given 
in Plate III, m which fig. 7 exhibits the external appealance of the piece containing the thud 
and fouith lenses, and fig. 8 shows the internal constiuction to an eye looking down the piece 
of mam tube, when detached fioin the lemauider of the eye-tubc i epi esented by fig 9. By a mis 
take of the diaftsman the pait 7 is placed in the plate at the wiong end of tlic piece 9, the end 
a of fig. 7> when applied to the piece 9, sciews into its end «, and the end b of piece 7 j wheie 
the fouith lens is placed, sciews into the lacked tube of the telescope, oi lathei into an adaptei 
which allows of a levolving motion of the miciometei. In both the figuics 7 aiul 8, which aio 
siinilni to figuies 14* and 15, in Plate XL e is the milled head of a long sciow, one pait of 
which IS held by a cock rn at the outside of the tube, and the othei passes into the tube, and is 
concealed in figure 7 > but may be seen m figuie 8; J'ls the head of the sciew, divided into 100 
parts, and icvolves witli it in such way that the giaduated edge of the piojocting index g, borne 
by tlie piece n attached to the cock, shows the numbei of the revolutions that the scicw makes, 
when. It IS turned round, while the divided head^indicatcs tlie lumdiedth pails of a i evolution. 
The index gis adjustable by fiicLion to the cyhndiical pait of the bolding piece n, and must be 
set to zeio of the micrometei head, when the two semi-lenses 4 and /, seen in figuic 8, ate 
brcught ccntie to centie to foim one lens, which will always be known to bo the case, when the 
linage appeals single and well defined. On the axis of the sciew h, which is a fine scicw of 
about 70 tiueads pei inch, and at its inteiioi end a second screw, of just one half the niimbei of 
thieads per incli, aie foimcd fbi the ptupose of giving motion to both the semi-lcnscs by a 
sitnihu quantity, but in opposite diiections, that the two images foimecl by them, may be equi¬ 
distant fioin the oentie of tlie field of view, which condition is important to the pcifeclioii of 
the vision. 

4. The inannei in which this pm pose is accomplished may be explained thus, within the 
mam tube a second tube of bi a-jS, of about two inches in length, and of a diametci to fit the in 
teiioi diametei of the mam tube, is fixed so that it may be occasionally taken out, and with it 
the appaiatus contained within it, which legulates the contiaiy motions of the semi-lenscs , a 
third tube of biass of less than one half of the diamotet of the second tube, is divided longitu¬ 
dinally into two half tubes, each having a semi-leus buinishedinto its uppci end, these half 
tubes are about two inches long, and descend down the middle of the second tube, till they 
enter a species of giinbol at its infcrioi end, that gives them each a separate pin as a pivot to 
turn upon, whenever they aie sepaiated from the state of a single tube into two halves, the pins 
0 and p, seen ni figure 8, forming the said pivots of the gimbol, appeal to be at the uppei end of 
the tubes, but aie actually at the lowei end; and the two half tubes may be consideied as a pair of 
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levels, moving on those pivots when acted on The half tube, that liolds the seini-lens A, has a 
stud fixed to its side, about half an inch fiom the seini-lens, against winch the end of the screw 
lests, and a piece of stiong watcli-spi ing q made fast to the lowci end of the second tube, 
ascends to this stud and piesses against it, so as to ptoducc a countciacting foice in opposition 
to the sciew, the othci half tube, which holds the semi-lens h, has a piece r made fast to its 
edge, next the micioinetei head, whicli is tapped into a female sciew, of about 35 thicads in 
the inch, to match the thick screw, that enters it. Now as the thick end of the sciew, which 
contains the coaisc thieads, is connected with the half tube of the semi-lens k, and also pi esses 
against the stud on the half tube of the semi-lens /, it is obvious to any ouhnaiy mechanic, that 
if there weie no othci thicads on the sciew but the coaise ones, and if the axis of the said 
screw had a shouldci bcfoicthc piece «, attached to the cock m, the effect of turning the 
milled nut e would be, a quick motion in the seini-lcns A towaids the sciew head, and by reason 
of the piessuic of the spiing at q, against the other half tube, the second somi lens I would also 
follow with the same velocity, and, as the two scinilenses would move togcthei, no sepaia- 
tion of them would take place} but instead of a shouldei on the axis of the sciew, to confine 
It to the same position, as is usual in the tangcnl screws of oulintuy clamping pieces, a second 
screw of double the numbci of thicads acts on the same axis with the tapped nut n, cniiied by 
the cxteinal cock m, and thus the sciew goes inwards with half the velocity that the nut r and 
half tube attached to it arc drawn outwaids, and the difference of the two contiaiy motions is 
the velocity given to the motion of the semi-ions k, in a dnoction towards the micrometer head} 
while at the same tune the inwaid motion of the fine sciew, that icsts against the stud of the 
other half tube, cari)^iiig the semi lens /, pushes this semi-lens back towaids the spiing gr, which 
now loccdcs, but keeps the sciew in constant action, as well as picvcnts any motion lu eithci 
scmi-lcns, but what is occasioned by the screws. The diffcicnce of the two screws moves the 
serai lens k, but the absolute motion of the fine screw alone moves the scim lens It and yet they 
move to the light and left of the centre of the field by equal quuntilics. As the small screw 
pioceods inwauls, it cauics the miciometei head along with it, but not the index piccog, which 
tlieiofoie is giaduatcd into divisions of 70 per inch, like the notches of the fine soiow, and the 
edge of the giaduated ling, ibiining the miciomctcr head, being nenily in contact with the 
scale of the index, shows how many ievolutions the sciew has made at each distance of the 
centres of the semi-lcnses from each othei. 

5. The zcio of the scale might have been made at one end of it, but, m the instance before 
us, tlioio aie twelve divisions at one side of zcio, and only .seven at the othci, so that small 
angles may be measnied on both sides altcinatcly, to coirect the index eiioi oi to adjust it} 
and yet laigci angles may be raeastued on one side than could have been taken sojiaiately on 
both, which, when the sun oi moon is the object, is a dcsiiablc piopcily, if it were only to 
affoul the means of obtaining a correct scale of meusui'os, to be tabulated for any individual 
telescope. 

6. Ate and d, in fig. 9, are the lenses foiraing the eye end of the piece, and when they are 
sciewed fast into the outer end of the teriestiial tube, the magnifying power of the telescope, 
to winch it may be applied, will be invaiiable while it foims a pait of the same telescope in 
this situation the piece foiming the eye-end is said to be at home, and the value of the lovolu- 

B s @ 
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tion of the miciomQtpr’s head will depend on the focal length of the telescope, conjointly with 
the fineness of the scicw. 

7f In the tube lepieseuted by %. 9, the eyc-ciid holding the lenses c and d, is attached 
to an innei tube, so fitting the outer one, that it will keep its 2 Josition when tliawn out .my 
mimbei of inches within its lange, and, a& the fom lenses compose a comiiound uiici’oscopo, 
the sepal ation of the two pans increases the magnifying powei of the cye-ptece, but alteis not 
the value of the miciometei’s scale of measmes in any of tiic positions, though it affbids the 
means of lepeatmg any incasuie a gicat ninnbei of times with as many difleicut magnifj’ing 
ppwers, 

8. In the micrometiical eye-piece before us, the thud oi chvidetl lens is placed in the 
focus of the fourth lens, which as very neaily at the distance of llnoc inches hom it, and a 
small cliaphiagm of | of an inch is placed at the end ff of fig 9. When the innei tube is made 
to slide out, and is piopeily divided by points oi stiokes of a giavei, it may be called The 
Tmcralfc Diopttio Micrometer 

9. In dotoi mining a scale foi this miciometei by the diainetei of the sun or moon, it will 
be important to get distinct vision of the Imnumiy befoie the lenses aic sopaiatcd, .md not to 
alter the adjustment foi vision after they aie sepaiated to any cousideniblc disfanco, foi when 
a measviie of the sun is taken, though the contact be made in the muldto of the field, winch 
should'always be the case, yet the least alteiatiqn of the focal distance will make the limbs 
ovoUapoi sopmate veiy sensibly, accoiding as the new adjustment is made niwauls oi out- 
wauls, This inioiomotei has all the advantages of the divided object-glass miciomclci, with 
yespoct to double images, and to the laigoness of the angle that it will mcasiuc, which may be 
gieatpi than can be seen m the field at oiioc, but when the telescope, to which it is ajiphed, is 
tpo powmfnl to take m the whole cUametei of the sun, it will bo most safe to t.ikc a scale hoin 
a smalloi telescope of known focal longtb, and to determine the constant pioduct of the micio- 
motel’s value when multiplied by Ibo known focal length of the shoit telescope (which will 
nieaanietliesun with a smalloi visible diamctci), and then to divide the said conslant by the 
focal length of the laigo telescope, to obtain the value of the miciometei when used with it, 
free fipm theeiioii which might aiise fioin the obliquity of a laigo measuic. Agieeablyto 
tins plan the mooifs longei ciiamctei was me.isuied on the night of Apul 19, 18SG, and that 
of the sun at noon on the 20lh of the same month, fiist by a telescope of i'S.Q inches focal 
length, and again by a sinalloi one of SO 5 inches only, to which the mioromcloi bcfoic us was 
successively applied, and the following weie the lesults. 

10 The moon’s diametei by the Nautical Almanack wms 32' 55 ", oi 1975", which w.as 
ipeasiued by 8,16 levolutions of tho sciew, when the two images wcio in contact, and 

g jg — the value of one jevolution^ when the telescope 43,2 was used with tlic 

moon 5 With the sun the value was given — 243^7? making the avoiage of the two 

/ oO 

With tlie smallei telescope the moon gave after an mteival of half an hour 

5 .7,7i 

= 842" 4f as the v.alue of a levolution of the same miciometei, and the sun gave S<t0".7 

6 615 
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making' for an average of tlie two Now 342“.85 x 43.2 10491.12 is the constant 

pioclucfc of the fiist telescope, and 341" 55 x 30.5 = 10417 *27^ the constant pioduct of 
the second telescope, and tlie aveiagc of the two will be 10454 2, as the collected constant 
piodiicl deiived fiom an aveiagc of both the solai and lunai obscivations, taken by both 

telescopes, 

11, Then foi the collect values of the imcionietei’s icvoliition, when used with oiu five 
telescopes [§ XL 13.], wo have 


Tel. J. 




I 





# « I ft 




145.70 ™ 2 m 70 

137.10 « 2 17.10 


12. To put the poweis of the coming"Up glass, used as a inicroinotci, to the test of actual 
measuiemcnl, and to show that the tables aic piopcily adkptcd to give the true values, we 
have applied the same iniciomctiical tube, containing a divided amplifying lens, to four diflbi- 
enl telescopes successively, and have icpealcd the measures of the painted windowTiamc, 
taken in 0111 last section, the similiuity of the icsulling quantities will appeal from the 
slalcinout which wc subjoin. 


lUJUIIi' or Tllh WINDOW DUDADTU Or 'rilll WINDOW 

Tel. 1. Measiuc 0.31 = 1' 4G".25 . 0.37 3 2' 6" 81 

2. Ditto 0 . 44 ; 3 1 4(].48 . 0.5225 r 2 6 . 7 O 

4 . Ditto 0 .73 = 1 4 C .30 . 0.87 =26.7G 

5. Ditto 0.775 = 1 40.24 . 0.925 r 2 6,81 


Average. 

Ditto by olliei micioinetcis' 
in the last section . . • 


1 46.33 
1 46.37 


2 6.77 

.2 6.68 


ft • « « 
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13 The following tables foi the use of tlie said five telescopes weie conslinoted fiom tlic 
pieceding values of a ievolution pf the coining-up glass, used as a dioptiic miciomelci, when 
applied successively to each. 


TABLE I. 


ENTIRE REVOLUTIONS 



Tel. 1 

Tol 2 

Tel 3 

Tel 4 

Tcl 5 

1 

] 

1 

0* 5'4g^76 

0* 4' l"99 

2' 34', 88 

2' 25" 70 

2 ' 17 ". 10 


0 11 S3 5S 

0 8 3.98 

5 9.76 

4 51 40 

4 34.20 

8 

0 17 8,g8 

0 12 5.97 

7 '14.64 

7 17.10 

0 51 SO 

4f 

0 SQ 51 M 

0 16 7,96 

10 19 .52 

9 ‘42 80 

9 8.40 


0 S8 33 .80 

0 20 9. 9 ^ 

12 54 .40 

12 8.50 

11 25 50 ; 

6 

0 H 16.56 

0 24 11 .94 

15 29,28 

14 34.20 

13 42.60 

7 

0 39 59.32 

0 28 13 .93 

18 4.16 

16 59 90 

15 59 70 

8 

0 45 42.08 

0 82 15 .92 

20 39.04 

19 25.00 

18 16.80 

, 9 

0 51 24.84 

0 36 17.91 

23 IS .92 

21 51.30 

20 33 .go 

10 

0 57 7.60 

0 40 19 .90 

25 48.80 

24 17.00 

22 51.00 

11 

1 2 50.36 

0 44 21 89 

28 23.68 

26 42.70 

25 8 10 

m 

1 8 33.12 

0 48 23,88 

30 58.56 ’ 

29 8.40 

27 25.20 

13 

1 14 15.88 

0 52 25.87 1 

S3 33.44 

31 34.10 

29 42 SO 

14) 

1 19 58 64 

0 56 27.86 

36 8 32 

33 59 .80 

31 59.40 

Id 

1 25 41.40 

1 0 29 85 

88 43.20 

36 25.50 

34 16 50 

le 

1 31 24.16 

1 4 31 84 

41 18.08 

38 51.20 

36 33 60 

17 

1 37 6.92 

1 8 33.83 

43 52 .96 

41 16.90 

38 50 70 

18 

1 42 49.68 

1 12 35 82 

46 27 84 

43 42 ,60 

41 7.80 

19 

1 48 32.44 

1 16 37 81 

49 2.72 : 

46 8.30 

43 24 90 

go 

1 54 15.20 

1 20 39 .80 

51 37.60 

48 34.00 

45 42.00 
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TABLE II, 


HUNDREDTH PARTS OE A REVOLUTION 


Pal ts 


Vd 

1 

r 

H 

rti 

2 

1 

1 cl 

J 

1 

JM 

1 

Ttl ^ 

Pnits 


Tul 

1 

Tul 2 


Tel 1 

Til 4 

id 5 1 

1 

0' 

3' 

13 

,0' 

2" 

42 

0^ 

V 

66 

0 

V 

'.40 

0 

. — ■■■■HIT 

1'37 

51 

2'61' 

'tn 

2' 

3' 42 

1' 

10".90 

1' 

IT'31 

1' 

1)'92 

a 

0 

0 

00 

,0 

4 

04 

0 

3 

10 

0 

2 

02 

0 

2 74 

62 

2 

60 

24 

2 

6 04 

1 

20 54 

1 

16 77 

1 

U 21) 

3 

0 

10 

20 

0 

7 

2G 

0 

4 

06 

0 

4 

30 

0 

4 U 

1 53 

3 

1 

G7 

2 

0 20 

1 

22 00 

1 

17 22 

1 

12 (to 

4 

0 

J3 

72 

0 

0 

00 

0 

0 

20 

0 

6 

03 

0 

5 40 

54 

3 

6 

00 

2 

to 08 

1 

23 04 

i 

18 08 

i 

14 03 


0 

17 

14 

0 

12 

10 

0 

7 

76 

0 

7 

20 

0 

(t 05 

66 

a 

0 

62 

2 

13 10 

1 

25 10 

1 

20 18 

1 

15 49 

0 

0 

20 

67 

0 

14 

62 

0 

9 

30 

0 

0 

76 

0 

3 22 

60 

3 

11 

06 

2 

16 62 

i 

2G 74 

1 

21 69 

1 

10 77 

7 

0 

24 

00 

0 

10 

04 

0 

10 

06 

0 

10 

21 

0 

0 6') 

67 

a 

16 

30 

2 

17 04 

\ 

28 20 

1 

28 05 

1 

IB 14 

a 

0 

27 

40 

0 

10 

3(> 

0 

12 

40 

0 

11 

00 

0 

10 (XI 

60 

3 

10 

00 

2 

20 30 

, 1 

20 31 

1 

21 GO 

1 

10 51 

0 

0 

30 

00 

0 

21 

70 

0 

13 

06 

0 

13 

12 

0 

12 88 

50 

3 

2i 

23 

2 22 78 

1 

01 00 

1 

25 00 

1 

20 88 

10 

0 

34 

20 

0 

24 

20 

0 

IT 

16 

40 

0 

14 

67 

0 

13 71 

<10 

3 

26 

GG 

2 

2u 20 

1 

82 08 

1 

27 42 

1 

22 20 

ii 

0 

87 71 

P ■ i ■' 

0 

20 

02 

0 

17 

01 

0 

10 

03 

0 

J6 08 

<11 

a 

20 

00 

2 

27 02 

1 

81 48 

1 

28 88 

1 MWw 

L 

20 GO 

12 

0 

41 

14 

0 

20 

04 

0 

JO 

69 

0 

17 

40 

0 

10 45 

<12 

3 

02 

62 

2 

30 04 

1 

80 08 

1 

30 00 

1 

25 00 

13 

0 

44 

60 

0 

3L 

40 

0 

20 

14 

0 

10 

01 

0 

17 02 

00 

a 

06 

96 

2 

32 40 

1 

87 58 

1 

31 70 

1 

2(1 87 

i^j 

0 

47 

09 

D 

33 

00 

0 

21 

00 

0 

20 

40 

0 

in in 

04 

3 

00 

37 

2 

84 88 

1 

80 18 

i 

03 25 

1 

27 71 

16 

0 

51 

42 

0 

30 

30 

0 

23 

21 

0 

21 

00 

0 

20 5(1 

06 

3 

42 

00 

2 

87.80 

I 

40 08 

1 

81 70 

1 

2!) U 

10 

0 

64 

04 

0 

30 

72 

0 

24 

79 

0 

23 

31 

0 

21 03 

03 

a 

40 

23 

2 00 72 

1 

42 28 

1 

80 10 

J 

80 48 

: 17 

0 

60 

27 

0 

41 

14 

0 

20 

34 

0 

24 

77 

0 

28 80 

<37 

3 

40 

06 

2 

42 141 

1 

43 78 

1 

87 02 

'1 

OE .85: 

10 

1 

1 

70 

0 

43 

60 

0 

27 

00 

0 

20 

28 

0 

2«l 07 

08 

a 

60 

08 

2 

44 50 

I 

45 88 

1 

80 07 

1 

30 221 

10 

1 

6 

13 

0 

45 

00 

0 

20 

41 

0 

27 

00 

0 

20 01 

00 

a 

6(1 

61 

2 

40 08 

1 

40 83 

1 

40 6eJ 

1 

31 693 

20 

1 

B 

66 

0 

40 

40 

0 
■ i 

30 

00 

0 

20 

14 

0 

27 42 

70 

a 

50 

03 

2 

40 40 

i 

48 42 

1 

41 99 1 

1 

8.1 871 

21 

:1 

ii 

1)0 

0 

60 

02 

0 

32 

53 

0 

30 

00 

0 

28 70 

71 

4 

a 

33 

2 

51 82 

J 

40 07 

1 

43 15 

X 

37 34 

22 

1 

16 

41 

0 

63 

24 

0 

34 

on 

0 

32 

00 

0 

30 1(1 

72 

4 

G 

70 

2 

64 24 

1 

51 52 

1 

44 no 

1 

88 71 

23 

1 

10 

03 

0 

66 

00 

0 

36 

03 

0 

33 

61 

0 

81 58 

73 

4 

10 

22 

2 

5(1 00 

3 

53 07 

1 

40 8(1 

I 

40 08 

24 

1 

22 

20 

0 

60 

00 

0 

87 

10 

0 

31 

1)7 

0 

82 80 

74 

4 

13 

G1 

2 

50 08 

i 

51 02 

1 

47 82 

I 

41 46 

26 

1 

26 

00 

1 

0 

60 

0 

30 

72 

0 

30 

43 

0 

81 27 

76 

4 

17 

07 

3 

J 50 

1 

5G 17 

1 

40 27 

1 

42 (12 

20 

1 

20 

U 

1 

2 

02 

0 

40 

27 

0 

87 

00 

0 

36 01 

7(1 

4 

20 

50 

3 

8 02 

1 

67 71 

1 

60 70 

1 

44 19 

27 

J 

32 

54 

1 

6 

31 

0 

41 

02 

lo 

30 

34 

0 

87 01 

77 

4 

23 

92 

3 

G 31 

1 

60 2(1 

J 

62 10 

1 

45 60 

20 

1 

36 

07 

1 

7 

70 

0 

43 

37 

0 

40 

00 

0 

88 88 

70 

4 

27 

36 

0 

8 70 

2 

0 111 

J 

68 04 

t 

40 08 

20 

1 

30 

40 

1 

10 

10 

0 

44 

02 

0 

42 

26 

0 

30.75 

70 

4 

30 

70 

3 

11 18 

2 

2 80 

1 

65 JO 

I 

48 80 

30 

1 

42 

03 

1 

12 

00 

0 

40 

40 

0 

43 

71 

0 

41 13 

00 

4 

34 

20 

3 

18 00 

2 

8 00 

1 

6G 60 

J 

40 08 

31 

1 

40 

26 

1 

16 

02 

0 

40 

01 

0 

46 

17 

0 

42 50 

01 

4 

87 

GO 

3 

1(1 02 

2 

5 46 

i 

60 02 

1 

51 06 

32 

1 

40 

00 

1 

17 

4t 
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THE DIVIDED EVE-LENS ItfICROWBTER 


J XXXIII THE divided EYE-LENS MICItOJlETER [PiAiislll an»XI] 

1, In desciibmg the vmjoiis .methods of pjoducing double-images, aud of applying them to 
measmements, we must not pass in silence ovei the divided ejeJens, which may be used ns 
the basis of a inicioraetei. When the dyimraetei, which we have dcsciibed as now made by 
G. Dollond, r § XL 6 3 is fitted into an adapting piece of lube wlucli will icccivo it, and scicw 
into a telescope as an eye piece, it will not only pioduce double images, by the sepaiation of 
Its segments, but the sciew which sepaiates them, by the aid of its scale and divided head, will 
measme the distance between the centies of those images with considciable acciiiacy. "Who- 
evei theiefoie is possessed of a dyiiamctei of tins coiistiuction, may icadily and with little ex¬ 
pense conveit it into a divided eyc-Iens miciometoi, and adapt it to any of lus telescopes, ex¬ 
cept such leflecting telescopes as aio of the Giegoiian and Casscgiainian consti actions. 
Theie IS howevei apiactical inconvenience attending the use of such miciometei, which ic* 
nuiies the addition of a concave Iciis to lemedyit the lino of sopaiation of the scgnucnls 
must necessaiily divide the pupil of the obsei’vei, otheiwise one imago only will bo visible} 
aud, as the dynametei is constiucted, that cential pait of the field of view, which shows 
double images, is veiy small, and the obscivei must manage lus telescope vciy dexteiously, to 
keep both the images in sight, while he uses the sciew foi the mcasiiicment; indeed ho must 
conaidei himself foitunate, when he succeeds in obtaining a good obscivation. This liinit of 
the field is gieatly enlniged by the inliocluctiou of a concave lens, immediately behind the 
tbvided eyc-Iens, which addition Mi. Dollond has made in seveial dynamclcis, foi the oxpicss 
put pose ofconveiting thorn into micioincteis When tins thud lens is intioduced, the cUstaiicc 
between the pan of convex Ipnses must be re-adjnsted, to icstoie the ouginal value of the scale, 
when used as a dynametei, fot the concave lens diminishes the powei of the eye-piecc, "xvlieii 
not compensated eitliei by a diminution of the distance between the lenses, oi by the substitiiliou 
of a second convex lens of shoi lei focal distance 

0 The interioi constiuction of the dynametei is shown m liguic 18 of Plate XL, and its 
exteinal appeaiance m figiiie 17 of the same plate, but figine 1 of Plate III, piesonls both an 
end and side view of the same nistiumenl, on a dimmislicd scale, and hgiijo S shows it xvith- 
diawn fiom the adapting piece of lube, which we have spoken of, .is being iiecess.uy foi 
uniting It, as an eye-piece, to the lube of a telescope. The letteis a and h icfei to the same 
paits ni both figures, c is the adaplei, and d the concave lens, added to convcit the simple dy¬ 
iiamctei into a micionictei, without inteifeung with the use of it as a dynametei. As tho lens 
which IS heie divided is of small diaraetei, tho mimbei of divisions on the scale, placed on 
the side of the containing box, aie few, but the miciometer head, being divided into 100 paits, 
lyill subdivide the division beautifully into the centesimal poilions the value of the scale, as 
in othei miciometcib, will depend on the focal length of the telescope to which it is applied. 
An astionomical fnend was highly pleased with an iiistiiiment of this desciiption, and succeed¬ 
ed m taking some good measuies of the distances between ceitain double stais > but witli our 
dynameter we find it difficult to obtain images which aie equally luminous, and in tho case of 
a close double star, which must iiecessauly be racasuied at the line of sepaiation of tho semi- 
leiises, success appeals to be impiacticable.particulaily when one of the two stais is veiy small. 
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When the stais aic both of a consiciciablc size, ami upwaids of 10" apait, they may be mea- 
suied, piovuled the telescope has a good slow motion in altiludo, but not satwfactoiily other¬ 
wise 

3. As wc know that the niimboi of levolutions made by the scicw of the dynamoter 
undei oui notice is about 50 in the inch, out lulc foi the deleimination of the value of one 
levolution (§ XX 4',) will enable us to make the following computations without expciimental 
measuiemcnts, viz 


Fust 3 .1416 X 2 X 50=:314i .16 is a constant number > 

Thcnfoi Tel. 1. wc have 30.5 xS14 16= 9581.88 and .^,^96000 

9581 88 


VALULB or A I11.V0I, 

= 1S5''.25 


Tel 2. 
Tel. 4. 


43 .2 X 314.16 = 13571 712 and 

13571.712 

71.75x314.16 = 22540.98 and 

22540 98 


95.5 
57 5 


Tel 5. . 76.25x314 16 = 23954.7 and = 54 1 

23954 7 

If WC multiply the value of a single i evolution of each telescope by its soliu focal length in 
inches and paits, wc shall have 4125" foi a constant pioduct, and this pioduct, divided by the 
focal length ol any other telescope, will give the value of a single i evolution of that Iclcscopcj 
when the value of the scicw is I th of an inch , but when it makes 100 Uuus in measuring an 
inch, the tabuhu values above obtained must be divided by 2 

On applying the dynametoi by Dollond as a nuciometei to the four telescopes m suc¬ 
cession, which wcio used in the last two sections, llio same window liamc had lisbiuadth 
nieasLued by each telescope, agicenbly to the subjoined legisloi, vi7 

Tcl 1* O.dS xl35 00 


1.285X 05.5 :=zm 72 
4 2 15 X 57.5 :::123 02 
5. 2 275 X 54.1 =123.08 

The telescope luimboicd 3 was at the opticiaifs, at the tune these and tlic pieceding measures 
weie taken. 


4. It will be icmaikcd hcie, that tlioiigh these four measuics agiec pretty well with each 
othei, they diffci full ihioc seconds fiom the measmos of the same object, as given in the two 
foicgoing sections. This want of accouUuice, wc wcio poisuadcd, did not aiisc fiom any ma- 
teual inaccuiacym the opciatiou of taking the mcasiucs by the dynametoi, but yet was too 
great to be acquiesced in, wo thoiefoie incasincd the tenth of an inch on a finely divided 
scale with the concave lens added, and again when it was displaced, and the diffcionce was 
sufficient to account foi the appaient disagi cement that has been noticed. When the dyna- 
meter was used without the concave lens, five levoluUons exactly mcasiued the tenth of an 
inch, but, when this lens was sciewcd into Us place, the same space was measured by 4.85 
levolutions, taken on an aveiagc on both sides of xoio. But if we substitute 48 ,5 foi 50 
divisions pci inch, the measuic aiising fiom the computation will be as much m the opposite 
cxticme, 01 upwaids of 129". If howcvei we take 49 ,0 instead of 50 divisions in the inch, the 
constant will be 311 65, and the icsulting measuics will accoid with those picviously dotcr- 
mmed by the aveiage of othei miciomcteis 
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RAMSDEN’S CATOPTRIC MICROMETER 


5 , The ingenious Amici of Modena, we have been infoimed, has invented and used a 
micionietci foi measuung, by means of a divided, lens, with success, but wc have not been able 
to leam wliethei it is applied bcfoie oi behind the solai focus of the object-glass of his tele¬ 
scope } the manner in which it may be usefully employed will howcvei be loadily appiohended 
from the account we have now given of othei iniciomeleis, depending on tlio bisection of a 
single lens diffeiently situated We undei stand that the dcsciiption is given by Aimci in one 
of the lecent volumes della Socteta Itabana, to which we liave not at piescnt access, and to 
which therefoie we must necessauly lefei our leadeis, who may be inteicstcd ui Ins mode of 
application. 


§ XXXIV RAMSDEN’S CATOPTRIC MICROMETEH [Plah. VI] 

1. We have alieady said that Ramsdoii contiivecl a catoptiic or lelleclmg miciometci for mca- 
suiing by means of double images [§ XXXI 1 3, as the aivenloi has dcscubcd it vciy fully, 
and has given his icasons foi executing such a coiistiuction in the G9th volume of the Philo¬ 
sophical Tiansactions of London, we will tiansciibe his own wouls, instead of ofibung any opi¬ 
nion of oui own on an insliument which wc have not seen used.— 

“ At the tune I took up tins subject,says Ramsden, “ the divided object-glass miciometci 
was the only one, which mcasuied angles by the sepaiation of two images. Since that tunc a 
veiy mgomous application of the piisiti to this piuposc lias been invented by the Rev. Dr. 
Maskelync, Astionomei Royal, and although expeiicnce has not yet ascei lamed the extent ol'its 
meat, it will always deseive great consideiation fiom its ingenuity, but the nioic I cousideicd 
the subject, I became moie fully convinced, that the pimciplc ol leflcction ajiplicd to hucio- 
meteis would have gieat advantages ovfci those hithcito constiiicLcd on the punciplc of ic- 
fiaction, and the catoptuc imciometer I have the honour to desciibo, besides the advantage it 
deiivcs fiom the punciplc of lefloction, of not being distuibed by the hcleiogeneily of light, 
avoids eveiy defect of othoi imciomoteis, and can have no abeuation, noi any defect which 
auses fiom the impelfection of inateuals, oi of execution, as the cxtierao simplicity of its con- 
stuiction icqunes no additional miiiois oi glasses to those leqiuied foi the telescope , and the 
sepaiation of the image being effected by the inclination of the two specula, and not depending 

oh the focus of any lens or miuoi, any alteration m the eye of an obseivei cannot affect the 
angle incaSuicd. 

2. “ It has, peciihai to itself, the advantages of an adjustment to make the images coincide 
hi a duection peipcndicular to that of then motion , and also of measuung the diametei of a 
planet oh both sides tlie zeio, which will appear no iiiconSidciablc advantage to obseivois, who 
know how much easiei it is to ascertain the contact of the external edges of two images than 
then peifbct coincidence. A short explanation of the annexed %ui o [fig. 8. of Plate V^.] will 
make the consti uction and the properties of this miciometei obvious. 

3 “I divided the small speculum of a reflecting telescope, of Cassegi ain’s consti uction, into 
two equal paits, by a plane acioss its centre; and by inclining the halves of the speculum to 
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each othei on an axis at light angles to the plane that sepaialed them, I obtained two distinct 
images. The satisfaction I leceived on the fiist trial was checked by the appaient impossibility 
of icducing this piinciplo to piacticc. The angulai sopaiation of the two images in this case 
being half the angulai inclination of the two specula, it icqiuicd an index of an nnraaniigcable 
length, to allow the quantity of one second of a dcgicc to become visible. Some tunc aftoi- 
waids on levising the pnnciplc, I considered that it both Iho halves of the iniiioi turned on 
then centic of cuivatuio, thcio could be no altciation in then iclativo inclination to each othei 
fiom then motion on this conlie, and that any extent of scale might he obtained, by fixing the 
centie of motion at a piopoitional distance fioin the common ccnlio of cuivaUuc. This will be 
bctlci undci stood fiom the di awing 

4i “ A lepiesents Iho small speculum divided into two equal pails j one of winch is fixed on 
the end of tlic aim B, the othci end of tlic aim is fixed on a stool axis X, which crosses the 
end of the telescope C. The othei half of the inmoi A is fixed on tlic aim D, which turn at 
the othei end tonnumtes in a socket y, that tuins on the axis X, both aims aic picvcnted 
bending by the braces a a, G lopiescnts a double sciew, having one pint e cut into double the 
numbci of tlueads in an inch to that of the pait 5 5 the pint e having 100 tluoads m one inch, 
and the pait 5 50 only. The sciew e works in a mil F, m the side of the telescope, while the 
pait g tmns in a nut II, which is atlachod to the aim B 5 the ends of the turns B and J), to 
which the nrniois aie fixed, aic separated fiom each other by the point of the double sciew 
picssing against the stud h, fixed to tlic arm D, and tinning in tho niit II on the aim B. Tlic 
two nuns B and 2) are pressed against tho diicction of tho double screw e g by a spiinl spiing 
within the jiait n, by which means all shake 01 play in the nut II, on which the measme de¬ 
pends, IS ontiicly picvcnted Fiom tho difleicnce of the thicads on tho sciew at e andg' it is 
evident, that the piogicssivo motion of the sciew thiough the nnt will be half the distance of 
the separation of the two halves of the raiiioi ; and conscqiienUy the half inuiois will bo moved 
equally in contuuy diicctions fiom tho axis of the telescope C 

oncle] FfKcdon the end of the double sciew has its circumfci once divided 
into 100 equal pails, and numbered at every fifth division with 5, 10, &c. to 100, and the 
index I shows the motion of the sciew with the wheel lound Us axis, while the miinboi of ic» 



volutions of the sci ow is shown by the divisions on the same index. The stool sci ew It may 
be tinned by a key, and seivcs to incline the small innioi at iighf angles to (he diiection of its 
motion, lly tinning the fiiigei head the eye-tube Is biought uoaior oi fuiLhei fiom the small 
mnroi, to adjust the telescope to distinct vision , and tho telescope itself has a motion round its 
axis foi the convenience of mcasuiing the duvmctei of a planet in any diiection. The inclina¬ 
tion of the diameter ineasined with the hoii/son is shown in dcgiOes and immitos by a level and 
veinici on agiaduatcd ciiclc at the biccch of the telescope 

6. “The method of adjusting and using the catoptric miciomotei is loo obvious toiequiio 
any explanation, it is only neccssaiy to obscivc that, besides a table for icducing the levolu- 
lions and pails of the screw to minutes and seconds, it may icquiio a table foi collecting a very 
small enoi which arises from the cxcentiic motion of the half miiiois. By this motion their 
ceniios of cuivatuie will (when tho angle to be measuicd is largo) npptoach a little towaids the 
laige miiioi the equation foi thispmpose in small angles is insensible, but when angles to be 
measuied exceed ten minutes, it should not be neglected. Oi the angle measured may be cor- 

c c 2 
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lectedby diminishing it in the propoition that the versed sine of the angle measuied, supposing 
the e^centucity ladius, beats to the focal length of the small miiioi. 

7 . “The telescope to which the caLoptuc micioineter is applied isof Cassegiam'sconstiiic- 
tion. The gieat speculum is about twenty-two inches focus, and beais anapeitme 5 5 inches, 
which IS consideiably laigei than those of the same focal length aie geneially inculc 5 indeed the 
appaient utility of this iniciometci makes me wish to see the leflecting telescope meet with 
fuithei impioveincnts. I believe it would moie tend to the advancement of the ait of woiking 
miuois, if wiiteis on this subject, instead of giving us then methods of woiking iinaginaiy 
paiabolas, would demonstiate the piopeities of ciuves for miiiois which, placed in a telescope, 
will show images of objects peifectly flee flom abeualion j 01 , what will yet be moic useful in 
pidctice, of what foims specula might be made, that the abeiiation caused by one minoi may 
be collected by that of the otliei. If mathematicians assume dixta which ically exist, they must 
see, that when the two specula of a icflocting telescope aio paiabolas, they cause a veiy con- 
sideiable abeiiation, which is negative, i. e. the focus of the evticine lays is longer than those 
of the middle ones If the laige speculum is a paiabola, the small one ought to be an ellipse} 
but when the small speculum is spherical, which is geneially tlie case in piacLico, if concave, 
the figuie of the latgo speculum ought to be an hypcibola, if convex, the huge speculum ought 
to be an ellipse, to flee the telescope floni abeiiation, 

8 . “ This will be moie easily iindeistood by attending to the positions of the fust and second 
images, when a cuivc is of such foim, that lines diawn fiom each imago, and meeting in any 
pait of the ciuve make equal angles wutli the tangent to the ciuve at that point, it is evident 
that such ciuve will be fieefiom abeiiation. This is the piopcityof a ciicio when the ladiant 
and image aie in the same place j but when they iccecle flom each olhei, it is the piopcity of 
an ellipse, of such form that tlic ladiant and image aic in the two yow, till, one distance be¬ 
coming infinite, the ellipse changes into a paiabola, and into an hypeibola when the focus is no 
gativc, 1 , e. when icflected rays diveigo, and the focus is on the opposite side of the muioi. 

9 . “ These pimciples made me piefei Cassegiain’s constiuction of the icflccting telescope 
to eithei the Gicgoiian oi Newtonian. In the foimei, eiiois caused by one speculum aie 
diminished by those in the olhei. 

10 “ Fiom a piopcity of the loflectmg telescope (which has not been attended to) that the 
apcituies of the two specula aio to each other vciy ncaily in the piopoition of then focal 
lengths, it follows that llieu abciiations will bo to each othei in the same proportion, and these 
abeiiations aie in the same ducctioii, if the two specula tire both concave, oi m contrary 
directions, if one speculum is concave, and the othei convex. In the Giegoiian constiuction, 
both specula being concave, the abeiiation at the second imago will be the sxm of tlie two 
abeiiations of the two minors* but m Cassegiain’s telescope, one miiioi being concave, and 
the othei convex, the abeiiation at the second image will bo the difference between then 
abenations. By assuming such proportions foi tlie foci of the specula as aio geneially used 

_ in the reflecting telescope, which is about as 1 • i<, the aboi ration in Cassegiain’s telescope will 
be to that in the Giegoi lan as 8 • 5 . 

11. “I have mentioned these ciicumstancesin hopes of recommending the demonstiation 

of cuivcs, suited to the pin poses of optics, to the attention of mathematicians, which would bo 
of great use to aitists.” 
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§ XXXV Dll MASKELYNE’S PllIfiMATJC MICllOMETEll 

L WiiFN Di. Maskelyiie had pointed out the defect of DoIIond’s object-glass miciomotci, 
which his cioss wnes wcie not calculated to icmedy, namely, the supposed piopeity of 
giving deviations fioin the tiuo nicasuio depending on the constiuction and state of the 
obsoivoi’s eye, he contiivcd a inicioinetei to answer the same pm pose, with a much longei 
scale, and ncailyfieo fioin tins dcfeci the piinciplo was that of ineasuiing by means of 
double images, but instead of using a divided lens, ho applied two bioad and thin piisms 
of glass, placed side by side iiiicveised positions, as to thou jnismatic foimj winch he 
found was the most favoui able mode of pi 0(1 uciiig double images, and indeed the only one 
by which each image could be made ccpially blight at cvciy pail of the scale, which scale was 
CO extensive with the tube of the telescope. 

2 When a single piism was ajiplicd with its face to the cxlcinal suiface of an achiomatie 
object-glass of any telescope, the Doctor found that, if it coveiod the whole of it, one image 
only was pioduced, winch was tin own by the lofi action, occasioned by the bioad ]uism, into 
one side of the held of view, but that, if one poition of the object glass only was covcictl, two 
images of a distant object became visible, one aclnomalic, and the otiici tinged with coloina- 
tioii, the distance between tlicse hvo images was found cciual to the lofiaction produced by 
the piism, and when it was made to covci a little moic than one half of the lens, the two 
images could be made equally blight 

3 When the piism was divided lengthwise with a diamond, and the two halves ievened, 
the 1 cfiaction of each, being m contiaiy diiections, doubled the distance ol tlie two images 
but though compound pi isms of Hint and ciown glass could bo made to deslioy the eolouis of 
the images, the contiivanco was incapable o(‘giving moio than one li\ed measnie of the sub¬ 
tense of an angli', while the pieces icmained in the same position, and it leqmicd peculiai 
ingenuity to devise some piacticablc method of vaiying (he incasiiic, so us to admit of a scale 
that would descend down to zci o. 

4.1 By a loniailiable coincidence as to Lime, it so happened, that both the abbots, Bos- 
covich and Ilochon, wcic devising the means of measuung small angles by means of double 
images, occasioned by the doubly icfiactivo piopcity of lock ciyslnl, m the same year that 
gavebiitli to the inveiilioii undci oui picsent consulciation j and, what is still moio lemark 
able, the same mode of applying a scale to the doubly-icfi acting substances, occuircd to all the 
thiee mventois within a shoil space of time fiom each othei Boscovich candidly yielded the 
palm of piioiity of invention to his competitor Ilochon, but thcie can be no doubt that 
Di. Maskclyiie’s invention pieccdcd llochon’s by some months In the 07th Vol. of the Phi¬ 
losophical Tiansactions of London ( 1777 ), the Doctoi’s “Account of a New Instrument foi 
Measiii ing Small Anglos,called the Pi ismatic Miciomolciappealod indeed at jrnge 799j and Bos- 
coviclPs “ Account of a New Miciomctci and Megamclei *' had been picviouslyinsoi ted at page 
789 of the same volume, but fiom the testimony of both J, Dollond and Mr. Aubcit, published 
at the same time, it appeals that Dr, Mnskelyne’s miciomctcr was not only contiivcd, but, 
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actually made and used in Apiil 177d> which time was puoi to the invenlion& of eithoi of the 
foieigneis Indeed Boscovich^s contiivance was spoken of in his papei only as a pxyecl, 
which had not been earned into execution, and it has not been pioved, that lloclioii’s inven¬ 
tion was so eaily as Dr Maskelyne’s It is moie than piobable that the lepoit of Di, Maslcc- 
lyne’s improvement of Dolloiid’s lieliometei in I??!, had excited on the Continent a destic to 
piodiice some contiivance to answei the same puipose, and a competition once excited to 
obtain the same object, might, as on othei occasions, give use to cotempoiaiy inventions of 
similar means to pioducc the same effect, but the priouty of tune does not diminish the merits 
of the respective inventois, 

5 Di. Maskelyuc found, that if the pan of inveited pusins of glass wcic made to pass 
along the inside of the tube of the telescope, the distance fiom the focus of the object-glass 
would become a scale of measurement foi the obseivcd angle, that is, that the focal length of 
the object-glass would be to the total lefiaction of the two pusms, taken in one sum, as thou 
distance fiom the focus of the object glass, is to the ineasiuc given in that position, and 
that zeio would always be at the focal pointy which is also the case with Rodion’s scale, 
as will be seen in its piopei place. Theio aie tlnee positions in which a pan of pusms may 
be placed to pioduce double images, when the line of junction is at the thin edges, the 
images foimed at the focus will have only one half of the light which falls on the object-glass, 
while tiio pusms lemain in contact witli it, and will be loss and less enlightened us they approach 
the focus on the contiaiy, when tlie line of junction is at the thick ends, though tlic light will 
be only one half of what falls on the object-glass while they lomain in contact with the object- 
glass, yet the light will gtadually inciease as the pusms appioach the focus, but when 
they have their line of junction along the tapeiing edges, and aie lovcisod in position, the 
light, as we have said, will continue the same in eveiy pail of the scale, winch is the icason 
why a prefei once was given to tins mode of juxta-position The piismatic colouis howevoi 
weie objectionable, when the lofiacting pieces woic foimed of single pieces of glass, and the 
want of well defined edges of the images pi evented the ineasuips fiom being salisfactoiy, which 
defect could only be cuicd by making the pusms double, of flint and ciown glass, so as to 
become acluomatic. One of the Dollonds succeeded in making an achiomatic piisinatic 
solid foi Di Maskelyne, which pcifoimed veiy well, but as the instiument was his puvate 
piopeily, his widow veiy piopeily took possession of it at Ins death, and it docs not appeal, 
that a second successful attempt has since been made On enqiuiy of the opticians we loam, 
that theie is,Some piactical clffliculty in the constiuction, which has pievcnted the goiioial 
adoption ofthismiciometei, notwithstanding the sanguine expectations which weic cntei lamed 
of its utility by the uivcntoi, and which weic expiessed m the following woids. “Upon the 
piinciples”, says Di Maskelyne, “that have been heie explained, a piism placed within the 
telescope of an astronomical instrument, adjusted by a plumb-lmc oi level, to leceivo all the 
lays that pass thiough the object glass, may conveniently seive the puipose of a miciomctei, 
and supeiscde the use both of the verniei scale and the exteinal miciomclei; and the instiu- 
rnent may then be always set to some even division bcfoie the obseivation Thus the use of a 
telescope level may be extended to measuie with gieat accuiacy the hoiizontal lefiactions, the 
depiession of the honzon of the sea, and small altitudes and depiessions of land objects. Time 
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and e\pciienc6 will doubtless suggest many othei useful applications of this instiument ” Wc 
can only expi ess oiu hope, that the expectation thus eiileilamed by the Icained astionoinoi 
may yet be lealized. 

6 Tioiighlon infoims us that Ibe telescope, to which Di Maskelync applied his piismatic 
miciometci, was one of only SO inches local length, and ho lemcmbcis having taken the 
diametci of the sun with it, which it delincd well, but as the scale was not good, ho could 
take it as acciiiatcly with a sextant. Wo have not been able to loam, that any document is in 
existence, winch bus picseivcd the obscivations made by the jiusinatic nuciomelci at 
Gicenwich, if any , not can it be now asceitained what was the exact value of its scale. 


§ XXXVI THE OONKli-’OIiai MK'HOMIOTKH [Pi.aii IV] 

1. When wc disticad Dr. Maskolyne’s account of his pusmalic inicromolci, dosciibcd in oin last 
section, It occuiicd to us, that if the piisms of glass wcie made vciy thin wedges, and conlinocl 
to move at the eye-end of the telescope within a tube, like the teiiestnal lube ol a rcfiacUiig 
telescope, the range it would have, willun leach of tlio hand, would affoul a scale long cnoiigli 
foi measiumg the diamctei of a planet, oi the distance between two contiguous slais, willioiiL 
any appaieiit colouialion of the douhlo images, and on tual we found oui expocLatioii veiified. 

2. h’lg. 1, of Plate IV. IS a piece ol In ass lube inches long, containing a cell a, like 
fig. 9 winch holds citliei a single wedge as shown in fig. 7, oi a ])an of leveised wedges as seen 
ni fig 8, of the full dimensions, this ineec of tube as divided into inches and tenths, and figuied 
fiom loft to iiglit, and liack again lioin light to loft, (or a piuposo whicli will be explained. 
Fig 2. IS a longci tube of a calibei just sufficient to iccoivc the shoitei one within it, and to 
allow it to slide without much faction} the thumb-picco (> sciows into the end of the shoiL 
tube, and, passing along a longitudinal opening made in tlic long tubo, selves to move it into 
any position ttial tlie obseivalion may loqunc about tho middle of the long lube thcic aio two 
laigei openings at opposite sides, which allow the fingoi and tlunnb to take hold ol the innci 
tube in tuiiung it lound, to piosont the tapped hole to the ihdmb-pioco />, when it is sciowcd 
into Its place; one edge of the visible opening selves also foi a scale of giadiialions foi the 
veinici, winch icads the hundicdths of an inch. At tho end c a positive oyc-picce is sciewod 
into the laige tubo, which slides into anolhoi tube fixed to the telescope, as far as llic end of 
the veimci, wheie distinct vision of a distant object is obtained, and the two opposite notches 
at the end^ allow the fingci and thumb to handle the nuiei tube, in withdiawing it, when the 
thumb-piece i 13 unscicwcd, that the cell a maybe changed foi anolhoi of dilFei outvalue, when 
the ineasme may icqiiuc it. 

3. Fig. 3. IS a section of the tube shown m fig 2, in which tho lenses of the oyc-pioco, 
and tho cell holding the wedge, aic visible in then places. Una figuie shows the second position 
of the innci tube at fig 1, aflei it has been revciscd, end foi end 5 in the fust position the cell 
IS biought so neai the cye-piccc, that the dividing line of the two contiguous wedges, 01 the 
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stiaight edge of the single wedge, may be exactly mils focus, so as to be distinctly visible 5 
in which situation the zeio of tlie veiniei will coincide with the zeio of the scale on 
the iniiei tube, and the object viewed will appeal single, as it does without the inicio- 
metei • if this should not be the case, the eye piece may be pushed 111, 01 duiwii 
out, till it has good vision of the object, while the two zeios lemain coincident, and 
when this adjustment is made, the iiistiument will be in a state foi use. The effect of 
leveisuig the position of the imiei tube is to make the scale equal to that of a tube of 11 
inches ; foi it measuies fiom 0 to 5,3 m the ffist position, and fiom 5,3 to 11 in the second, 
which IS a convenience when the telescope is not along one When thcinstiument has a long 
focal distance, to admit of a lengthened exteiior tube, the mode of fitting the iiinei tube will be 
inoie convenient as it is lepiesented in fig. 4 ), wheie the same letteis show tlie same paits, the 
innei tube lieic is not giaduated, but is used to hold the cell into which the tlunnb-jncco b and 
veimci aie sciewed , the opening of the long tube being 11 inches in length, and the inclios 
and paits being engiaved along its edge, while the veinier is the moving pot lion The long 
opening in the tube tciminates with a cianked pait iicai lliecyc piece, which ivllows thclhunib 
piece to bung the cell occasionally near enough the end of the tube, when the eye piece is 
unsciewed, to poinnt the cell to be changed without undoing any of the othoi paits , and the 
ineasuic is always load on one fixed scale by means of the sliding vciinei, otliciwisc the use of 
this coiisti notion is the same as tliat of the othei, and eilhei may be chosen winch host suits the 
length of the telescope Tiic lattci constiuction was contuved foi om 19 feet icfiacling tele¬ 
scope of 7 inches apcituic, foi which it la well adapted; foi the length of the lube afibids the 
means of suhilivuling the second ns low as to one tenth pai t 

4i. W'o hav6 used the miciometei lepiescnlcd by fig 2, with oiu ‘76 25 inches telescope 
("No. 5,), and when the measuies aie not veiy small, the lesulis aio quite satisfactory Like 
the divided eye lens miciomotei, this instuuncnt leqinies the mcasiues to he taken m the 
diioction of the line of scpaiation, and ns neat this lino in the field of view as possible 
while the object is obseivedj othcnvisc it will fiequontly happen, that one of the images 
will disappeai duiing the obseivation, when it is 111 motion It will gioatly facilitate 
the perfoiinance, if the tube he tuined about till thehne of sepaialion is exactly lu the duecUon 
of the object’s apparent path, bcfoic the wedge is moved fiom,zcio, foi then, if the telescope 
has a paiallactic motion, the obseivation may be completed without liouble, 

5. This instillment may also be used as a position miciometei, foi a divided iing, tliat is 
giaduated info foui quadiants, is sciewed to the exteiioi end of the fixed piece of tube, that 
moi'cs by the lack-woik foi distinct I'lsion, within which the giaduated tube cntcis, and a 
veiniei clamped on this inner tube will indicate the angle of position which the line of sopaia- 
tion makes with the lioiizon, when the paiallactic stand is piopeily adjusted in the ineiuhan, 
and the position 90" made to be in a vcitical line. 

6. The iniciometer which we have used, has thice cells successively applicable to the 
inner tube, one containing two wedges, side by side, in a leveised position (fig 8 ), and two, 
holding each a seniiciicnlai wedge (fig 7 ) , then values pei inch aie 54".14, 33 "A>, and 20".74 
lespectively, as detciimned by methods that will be explained lieieaftei, and compaicd with 
the values of othei rniciometcis, when used with the same telescope (No 5 ). We shall 
annex a table suitable foi conveiting the raea.suics taken by these wedges into minutes and 
seconds, winch may be taken by inspection with the aigiiment lead on the scale. 
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A TABLE 


OF Tim VALUES OF THREE CUNEIFORM MICROMETERS USED WITH A 

TELESCOPE OP 76 25 INCHES FOCAL LENGTH 
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§ XXXVir ROOnON’S crystal IinOROMP/fER [Platkb II, in, XIII] 

1, Having had occasion to mention the Abbot llochon's application of the doubly-iefi acting 
piopeity of lock-ciystal to a telescope, fot measuung the subtenses of small angles, by means 
of a scale which extends the whole length of the tube, ui a mannei similiu to l)i, Maslcelyne’s 
contiivancc, wo may with piopiiety intioduco our descnption of this ingenious Ficncliman’s 
invention in this section It is well Known to nnneialogisls, that sovcial ciyslalhiscd bodies 
posses'vlhc singular piopcity of dividing into Iwo pencils the lays of light, which aie liansniittod 
thioiigh them in ceitain ducctions, and that each pencil, after coiiveiging to a focus, will foiiu 
a sepaiatc image of the object fiom which the lays ouginally emanate. It is not oiu business 
to examine into the natuial cause of this cuuous propoity, noi yet to invcsligate any law by 
which the doublo icfiaction is guided undci dilfeicnt ciicumstanccs, but meicly to state what 
is the gioundwoik of llochon’s application of the punciplo of double lelinction to the mea- 
siiiement of small aics, by the aid of a shoit telescope. 

2. It had been pieviously obseivcd that when the rays of light pass thiough a ti oiispai eiit 
piece of lock ciystal lengthwise, oi in the diicction of its axis of foimation, the pencil siiffcis 
only the oidinaiy lefiaction, as though it woio tiansmitled thiough a single piece of glass} 
but when the lays aie incident on the side of the ciystal, oi come in an oblique chiection, {he 
phenomenon of double icfiaotion takes place dining the tiansmission, one pencil of lays being 
in then natiual state and the othci polaiued. Availing himself of this piopcity, llochon 
foiinod a piism of lock.ciyslal liom an oblique section, and polished it, so as to pioduco two 
images in the common focus of a telescope, when placed on the cxtei mil face of the object. 

VOL. II. D u 
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glass, but while it lemained there, like Di* Maskolyne^s wedges of glass, it piocluccd only one 
constant angulai measiiie; anti the qiiosUon was m both cases, how a change m llie measure 
eoukl be effected by .i mechanical contiivanco. It was found that vaiying the angle of in¬ 
clination fioTO a slate of contact, with the object glass, gave a couespondmg vaiiation in the 
quantity of lefiactioii, oi, which was the same thing, in the distance heUveen the images of an 
object, viewed thioiigh the telescope $ but this distance tlid not incicase in the same latio with 
tile aiigulai change of inclination, noi could a scale sufficiently extensive, and also coriccti 
be obtauied fiom tins mode of vaiymg the incidence and lefiaction of the lays. 

3. On tiying what the effect would bo within the telescope, it was discoveicd, not only 
that double images would be foimed in any position of the piism, between the object-glass 
and its focal point, but that the angnlai measuie became alteicd in ovciy now situatipn, and 
in such piopoition, that if the whole focal length lepiesentcd tlie whole constant angle, the 
diffeient distances fiom the focal point would give propoitional paits of that constant angle, 
and tlius the length of the mam tube became the scale foi the equal divisions and subdivisions 
of the constant angle. This measuie being asceitained to be cojrect, it became necessaiy to 
mahe a longitudinal opening oi slit in the lube, to admit a button and sliding index attached 
to the piece which held the moveable pi ism. The single piism, m tins case, as m Di Mas- 
kclyne's, gave the piismatic colouis to the images, and a second piism of similai dimensions, 
but cut so as to pioduce only the ordinaiy lefiaction, was applied, m a leveised position, to 
the piisin of double lefiaction, and made with it a cubic solid 5 the two piisms wcio made to 
adheie with mstic en larmes, which has neaily the sameicfiacUve powei as the ciyslal, and is 
also tianspavent This cubic solid retained the piopeity pf giving double images, and became 
achiomatic, so far as the image produced by oidmaiy lofiaction was concerned, but the image 
pioduced by Uic extiaoidmaiy lefiaction still letainod a tinge of yellow at the edge of the 
linage belonging to it, and no means have yet been devised forfieeingitfipinlhismiperfcclioii, 
which m a ceitam degieo injmes the delineation of the polaiized images. 

ii. The annexed figures will explain the inannei in which the pencils of rays differently 
lefiacted not only foiin two scpaiato images of a distant objeot, seen through a telescope 5 
but also appeal at diffeient distances fiom each othei as the cjystal pf double refraction 
lecedes fiom the focal point towards the object-glass 5 


I 




In both these figures, we will consider the aiiow S' S, an object placed at a distance beyond A, 
the place of the object-glass of the telescope, and tlie enlarged and mveited airow FF' the 
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Image foimecl by the pencil of ouhnaiy lefiacUon at the focus of the object-glass when the 
two pencils coming fioin the ends S' and S, fall on the ceiitic of the object ghis.s, they cioss 
one anothei and pioceed diveiging till they meet with the solid foimed of the two piisms, cii( 
and put togcthei as above desciibed, they piocccd thiougli the /list piisin> fioin the face T, 
without su/Tciing any othei than the oidinaiy lefiaction, but when they aiiivc at the inclined 
face of the second pi ism, foimed by the diagonal line, one poition of each pencil is bent m an 
cxtiaoidinaiy inannci towauls its acute angle, winch is called the icfi acting angle, and on 
emeigmg fiom this piism into an, the lefiaction is incicascd so much, that the pencils of e\> 
tiaoidinaiy icfiaction pioceed in a diioction as though tliey came fiom the points r and c' 
within the piism, and not fiom the incident pninls on the melined hypolhenusnl suifaco, theio 
aie now two pans of pencils, supaiatod fiom each othci by this double icfiaction, and each 
foiming a sepaiate iupiust*iiia1ion of the exlicme ends of the inagiuficd aiiow 5 and pencils 
coming in like mannei fiom the inlcimcdiatc parts of the auow S'S^ will also suffci double 
refiaction, and foiin the middle paiLs of the sepaiatod and onlaiged auows as scon 111 the 
iigtii es. 

5 . When the piismatic solid Is placed in the focus of the object-glass so that the points 
FF', of the auow coincide with the points whence the divcigcnce of the lays of 
extiaoidmaiy lefiaction appaionily emanate, thoio will ho only ono image of the auow, but 
as the doubly lefiacting solid is moved giivdually towauls the object-glass at yf, two images 
begin to appeal, and at fiist ovcilap one anothei and pioducc a dailc shade, but a furthci 
removal into the position exhibited in tlio first flgnio will sopaialc the auows by a qiiiintity 
which will just mcasine the length of either of tliom, by putting Ibcir opposite ends into exact 
contact* a fuithei icinoval fiom the ouginal positiou at the focus will scpaialc the auows 
still moio, until a space is scon between the images, the cpiantum of which, on the piincipb of 
similai luaiiglcs, will always bo propoitionatc to the distance fiom the focal point, whcio the 
zeio of the scale must bo placed \ and when the solid is removed as iai as to the object glass 
A, the sepaiation of the image becomes a maximum, and the scale tcuuinales- 

6. As the lays of lighi pass tluough both tho prisms and mtoiposed inustic, oi othei ad¬ 
hesive iinnspaiont substance, bcfoie they come to tho focal point of llio objoct-glass, the iin- 
puutics of the substances passed tluough icndci the images loss poifoct (hau a single image 
foimed by tlio object-glass alone would bo, and the bipaitition of the light, coming fiom the 
object, between the two images, dimmish the biilhancy of its coloius, independently of llie 
polauzivtion of the image foimed by the exltaoidinary icfiaction, and tho inoio the images 
aio magnified, tho moio appiucnt will these defects become 5 paiticulaily wlion tho cloubly-rc- 
fiacting solid is at a consideiablo distance fiom tho focus of tho telescope, and (he divcigence 
of the lays piopoitionably gieal. On these accounts tho ingenious Abbot confined the length 
of his telescope to about 20 inches, which afforded a scale foi minutes only, as lie divided it, 
and its use was confined, like that of the English coming-up glass, to naval and inihtaiy pin- 
poses. 

7 Conceiving that a llochon’s miciometrical telescope, of a poitablo consti'uction foi 
tlie pocket, might bo seiviceablc on many occasions, but paiticulaily in obsciving solai and 
lunai eclipses, we look the oppoitunity, duung a visit to Pans, in the suinmei of 1819 , of 
getting an achiomatiscd pusmatic solid of lock ciyslal applied to a pocket telescope, similar to 

D D 2 
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the one icpiesented by fig 10 of Plate II, by getting the cell which held it adapted to sciew 
into tlie lemOte end of each sliding tube, as the measuie miglit lequiie, and thieo scales made 
along the cxteiioi face of the oiiteimost sliding tube, to suit the Ihiee positions of the ciystal, 
aftbi'ded the means of measuuiig any angle fiom 0' to 36' by a vcimci which mdicatcd single 
seconds placed at the eye-ond of the mam tube. 

8 The changing of the cell from one tube into another was found inconvenient, and the 
same solid of double refraction was applied moie conveniently to the huge findci of the tele¬ 
scope lepieseiitcd, in two diffeient positions, byfigiues 2 and 3 of Plate XIII The mam 
tube of this findoi is IQ inches long, and holds an achiomatic object-glass of an inch m 
diameter, an mnei tube, of half the length, is moved by a pinion and lack, and contains a 
scale which will shew a measiue as fai as 32', on which a fixed veimei indicates single seconds, 
by means of an opening made neai the pinion at the middle of the exlciioi tube This was 
the identical raicroinetei used by Mi Baily in his observations of the solai eclipse of the 7lh 
of Septembei, 1820, which attiacted iiniveisal notice tiuoughout Europe. 

9. Fig 8 of Plate II xs a diawmg of a 83 inches acliromatic telescope, with an apeitiire 
of 2} inches, which we have had fitted up agreeably to RochonS construction, with two 
sepaiate aoluls of ciystal, to be applied m succession» The tube is giacluated fiom the solar 
focus into two scales, one at each side of the opening made down the middle, and the detached 
sliding piece, at figuio 9 > holds citliei of the two piismatic pieces within it, and also a pan of 
veinieis attached to it by the two sciews with milled heads, winch pass thiough the opening, 
and seive to move the piece cithei backwaids oi foiwaids, when they are not scicwed too 
tigiit The tlnckor ciystal, contained in the main tube, has a constant angle of 32', and the 
detached thin one will measuie only 5'; the veuiiei of the foimei mchcatcs seconds, and of 
the lattei the tenths of the second, which indeed is a moie nice indication than the magnifying 
powei of the telescope leqiuies, which is only 35.5. The instiumcnl is mounted on a lupod, 
but IS not flee fiom the nnpeifections winch have been noticed; it may however be used ns 
an heliomctei, oi foi obseivations of solai and lunai eclipses* 'Ihe telescope is so mounted 
that it will turn lound its bed, on its axis of vision, foi adjustment to the lino of position m 
which the measure is lequiicd to be made, winch is a condition to be attended to in the 

mounting of all the doubic-imago miciometcis, wheic the length of the tube constilutos the 
scale of ineasuiement. 

10 When nice obseivations of veiy small aics aie leqiuiccl to bo made, such as of 
double stais of the flist and second classes, oi of the diainoteia of planets, llochon^s piincipie 
may be confined to that end of the scalo winch is neaiesl to the focal point of the objcct-ghiss, 
wild a a section of the coUveiging cone of light is diminished so as to be icccivod by small 
piisins, winch may be chosen, out of piuc and peifectly lianspaient pieces of crystal, and 
fitted into small cells, like fig 10 of l^late IV, and then they will apply to the cyo-tubes iGpio*^ 
sented by figiues 1, 2, S, and 4 of the same Plate, in the way that the wedges of glass are 
applied, which we have aheady explained in the thuty^sixth section, 

11 * We fiist adapted a ciystal of double icfiaction to the small tube in fig 1, as piepared 
by Cauchoix, of Pans, the constant angle of which was 88' 10", and used it with our telescope 

luimbeied 5, wlucli affoided a scale of SO'-Oas m the inch, oi The vision within the 

76 .25 
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liinit of the small tube was found tolciably good, and, what is a great advantage, the double 
images appealed distinctly in cveiy pait of the field of view, wlncli is not the case witli the 
wedges of glass and divided eye-lens Yet it was found, that the nearci the measure is taken 
to the middle of the field of view, the inoio coiiect in general will the mcasuie be. With 
this pnsin, the scale of 11 inches, when the innei tube was reveisedin position, would measiue 
5' 80", 01 , in one or othoi of the positions, any smaller angle, down to a single second The 
subjoined Table was constuicted foi the telescope and pusm undci oiu picsent considciation. 

12. TABLE. 



Indies 

1 

0 

I—.--- --I-.- - , 

SO .0 

2 

1 

0.0 

3 

1 

30 1 

4 

2 

0.1 

6 

2 

SO.l 

G 

3 

0.2 

7 

3 

30.2 

8 


0.3 

9 

4 

SO .3 

10 

5 

0.3 

. 11 

5 

SO .4 


Tcutlis 

Iluiidio (IU)8 

0' 

3" 

0".3 

0 

G 

O.G 

0 

9 

0 9 

0 

12 

1.2 

0 

15 

1 5 

0 

18 

1.8 

0 

21 

2.1 

0 

24 

2,4 

0 

27 

2.7 

0 

30 

3 0 

_ _ 1 . 


13. When a celestial object is viewed by this micioinotiical telescope, the positive eye¬ 
piece must be adjusted for distinct vision, and also to make single images at zcio of the scale, 
if this cannot be cflectcd, the index eiior must bo ascci lamed, and applied with its piopei 
sign to every observation. When terrcstiial objects aio measured, tins will bo mdisjicnsably 
necessaiy, because the elongation of the telescope altcis the place of zoio, and, indeed, in a 
ccilain dcgiee, even the divisions of the scale, which aie liactional paits of the solai local 
leiiglh 5 and the longei the telescope is, the gieatcr will bo the crior inlioducod into the scale, 
when ncai objects aic obscivcd, 

14. An additional advantage which Eochoids constiuclion has, in common with the pic- 
cedmg double-image miciometois, is, that it does not reqiiuc tlie magnilying power of llie 
telescope to be altcied duiing tlie tune of taking an obscivation, but in all of them, it must bo 
allowed, the peifoimancc of the telescope to which they are applied is sensibly deteiioraled, 

15. The quantity of the constant angle, measured by any piism, depends on the magnitude 
of Its lefracting angle foimcd by the section, the numbci of minutes measiued being somewhat 
fewei than the numbei of degices of the prism’s lefractmg angle. Eochon was of opinion 
that the prismatic shape of an Iceland ciystal would not admit of a constant angle of sepaia- 
tion of the images gieatci than 20', and, to increase it to a quantity which would mcasuic a 
gieatci subtense, ho employed a Parisian aitist, Naici, to cut twopnsms in such way as would, 
when applied in conjunction, produce a constant angular measiue of 40'. At piescnt the 
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opticians who aie able to piepaie the aclnoraalic ciystala of double icfi'aclion, in Pai'is, aie 
Cauchoix, Soleil, and Lenou, and, as fai as we know, the only instminent-makeis in England 
Avho have been successful m their attempts to cut and polish them m then piopci sections, aio 
Dollond, and Robinson of Devonshiie Street, London. 

16. Di, Wollaston has written a papei m tlie Philosophical Tiansactions of London of 
the yeai 18SO, in which he has explained how two wedges must be cut to foiin an aclnoinatic 
solid which shall have the constant angle doubled, in the way Rochon had mentioned without 
giving a full explanation, which papei will be found an useful guide lo those opticians, wlio 
may be disposed to piepaie such a solid Monsiem Aiago, according to lliot, lias picfciied 
increasing the constant angle of a piism by placing it in an oblique dncction, as it icgaids the 
line of vision, which may have its advantage, by adraiUing of a leduction in the llnckncss of 
the pi ism. 

17 . As an expeiiment we had two piisraatic solids of double lofiaction put into biass 
cells, and mounted one ovei the othei, end to end, in the manner iGpicsciited by figure 11 of 
Plate III., and seen 111 section in figuic 12, so that one of the cells will icvolvc louiul the 
othei, and a stiolce a, made on the oiitei cell, will point to the plane face of the cap b c, which 
scicws ovei an eye-piece of a telescope, and will indicate thcieoii the iclalive positions of lire 
two pusmatic solids as the upper one 1 evolves. The two pi isms have then constant angles 
very neaily alike, and when they aio so placed that their icfiacting planes arc paiallcl lo each 
othei, as in figuie 12, the constant angle is doubled, oi lalhci equal lo the sum of the two 
taken singly} but when the iippci pnsm is icveised by tuiiung its cell tluougli a scmiclicle, tlie 
Constant angle is vciy small, being only the diffeiencc of the two single const.int angles, and 
would be nothing if the two piisras wcic piccisely alike, When the uppei piism is tinned 
only 90“ either forwaul oi backwaid, the compound constant angle seems to be one half the 
sum of the two • mall other lelativc situations of the two piisms thcic will he four images of the 
object, winch will change then positions m a cuiious inannci as the cell is turned loiind, till 
the stroke a points out the foui quadiantal positions, m which the double images aic cxhibilcil, 
unless the two pnsms aic alike, m winch case one of the four quadiantal positions will exhibit 
only a single imago. At tlic middle point of each quadiant the foui images will be equally 
luminous, but beyond and short of this point one pan will bo moic and the othei less luminous 
by alternate changes, till in altciing the position one of the pans disappears, and two lines 
connecting the centies of each pan icspoctively will always bo at light angles to each othei, 
though they will alteinately elongate and shorten while the cell is Immiig into the foiu 
2 Jositions which give double images only. If the lefiacting planes, however, aio not made in 
then tiiic sections foi pioducing piimaiy images, whencvoi a luminous object is viewed, thcic 
will be faint secondary images visible, which will leiidci the piism unfit for iniciometiical pur- 
jioses. When the sun is the object viewed, a daikening glass may bo jilaccd cilhci bcfoic 01 
behind tho doubly icfiacting solid, as may bo most convenient, and if, with a single jnjsin 
achiomatised, theie appear to be othei icfiacted images of the sun, besides the two piimaiy 
biilliant ones, and the faint reflected images, the dnectioii in which the prism has been cut is 
not the true section, arid the ciyslal so formed will not be scivicoablc as a micioinclei. 

18. Besides the piism fiom Cauchoix, which was originally applied to the telescope of 
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76.25 inches focal length, we have adapted four English piisms, prepared by Dollond, to tlie 
same telescope, and have tabulated the values aiising fioin the division of their constant angles, 
by 76 .25, which four Tables aie hcic subjoined, as fiutlicr specimens of this mode of gaining 
collect raeasuies of small angiilai subtenses. 



01 


DOLLOND’S FOUR PRISMS, 

USLD WITH A TLLBSCOPE OF 70 26 INCIIBS I'OCAI/ IJINGTII 


riiisii r 


I'RISM W. 


Scnic 

Mensme foi Iiiclics 

Ton Ills 

lliimlioiUtis 

i 

0 ' 

10".92 

l^OO 

0''.11 

2 

0 

21.84 

2.18 

0 21 

3 

0 

32 .70 

3.28 

0.33 

4 

0 

43.68 

4 .37 

0.41) 

5 

0 

54.00 

5 .46 

0.,55 

G 

1 

5.52 

6.55 

0.66 

7 

1 

16.44 

7.64 1 

0.76 

8 

1 

27 .36 

8.74 

0.87 

9 

1 

38 .28 

9.83 

0.98 

10 

1 

™ V-P ‘ ' 1 

49 .20 

10.92 

1.09 


innsM III. 


Scale 

l^toasiiio iol Intlioi) 

TcmiiH 

llinulictldis 

1 

0 ' 

22 * 90 

2*.30 

0".2S 

2 

0 

45.92 

4.59 

0.46 

3 

1 

8.88 

6.89 

0.69 

4 

1 

31.84 

9.18 

0.92 

5 

1 

54.80 

11.48 

1.15 

6 

2 

17 .76 

13.78 

1.38 

7 

2 

40 .72 

16.07 

1.61 

8 

3 

3.68 

18 .37 

1.84 

9 

3 

26 .64 

20.66 

2,07 

10 

3 

49.60 

22.96 

2.30 


SculOf 

McEmiiio Toi Inclioa* 

Toiktiis* 

IIiiiuli atllln 

1 

0 

17 *,45 


0".17 

2 

0 

34.90 


0.35 

3 

0 

52.35 

5.24 

0.52 

t '1' 

1 

9.80 

6.98 

0.70 

5 

1 

27 .25 

8.73 

0.87 

(} 

1 

44. .70 

10.47 

1.05 

7 

2 

2.15 

12 .22 

1 22 

8 

2 

19.60 

13.96 

1.40 

9 

2 

37.05 

IS .71 

1 .57 

10 

Wt 

2 

" MdW 

54.50 

17 .45 

1.75 


I'llISM IV 


Scale* 

Mc(isii) 

c foi Ijiclics 

ToillllH 

tf 

niintiinUlm 

1 

■■(V 

31". 10 

3" 11 

0".S1 

2 

1 

2.20 

6.22 

0.62 

3 

1 

33.30 

<J 33 

0.93 

4 

2 

4 *40 

12.44 

1.24 

5 

2 

35,50 

15.55 

1.56 

6 

3 

6.60 

18.66 

1.87 

7 

3 

37.70 

21.77 

2 18 

8 


8.80 

24.88 ; 

2 .49 

9 

4 

40.90 

28.99 

2.80 

10 

5 

11.10 ! 

81.10 

3.11 
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^0. Tlie metliods most convement foi detcimmmg the constant angles of a set of pnsms 
will be oxplainetl m the subsequent section. we say a set of piisras, because m ccitam angular 
distances a prism of a small constant angle may give a bcttei scale than a laigo one, butwheie 
the angulai measme is compaiatively great, oi when a high powei is used, a piisra of a laige 
constant angle will answer bettci, paiticulaily wheie the length of the scale is limited to a 
few inches by the sliding piism-lioldei. Hence it will be desiiable to have moie piisms than 
one adapted to the sliding holdei of the same telescope, to be used as occasion may loquiie 
When extieme accuracy is the piincipal object, winch is geneially the case in inici ometucal 
measmeinents, each piism jnay be employed, accoiding to Rochon’s method, foi getting a 
sepaiate measiue, and thou an aveiage of the whole, if they diffei but little fiom each othei, 
may be consideied as a measure extiemely collect. In this way the following m easiuesweie 
taken, with the m&tiument and piisins we have above specified, of the diametei of Jupilci ni 
the diiection of his belts, whiclns his laigei diamctei. 

@1. March 20, 1826 Prrsin 3 gave 1.94' inches and paiLs as the measme 

Pi ism 4.1 gave 1.43 do 

Then the Table foi piism 3 aflbids...1. =:22".96 

.9 = 20.66 

,04= 0.92 


mcosm 0 = 44.54 


And the Table foi piism 4 gives..... .1. = 31".10 

.4 =12.44 
.03= 0.93 


measme =44,47 

Hence the average of the two foi the said evening will be 44".505, which mcasuic exceeds the 
gieatest diametei, at a mean distance, contained in the Table A. at page 265 of oiu hist 
volume, tlie basis of which Table was piobably the slioitei oi vcitical diamcloi of this planet, 
which IS the only one that can bo coiiectly measined by the wuc»miciomctci, 

INOJTJ 8 

Again on Maich 29, Pusin 3 appealed to give 1.93=:44".31 by the Table. 

Piism 4.. 1 >42=44 >16 by do 

Maich SO..Piism 2 ... 2.54 = 44.33 by do 

Piisin 1...... 4 . 07 = 44.34 by do. 

Average of four measiues=44,28.5 

22. Fiom these lesulls it may bo infeued that Jupilei’s diameter was giadually diminish* 
mg at the times of obseivation, and accoichngly if wc compaio the sun’s longitude with the 
heliocentric longitude of the planet, as given in the Nautical Almanac for the said days, we 
shall find that the difference was becoming smallei, or that the planet was depaiting from 
opposition wheie its diametei, (if at or neai the poiihchon of its oibit also,) is a maximum. 
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Ill the piosont instance Jupitei was neatly two signs fiom the ajihehon point of Ins oibit, and 
theiefoie his diamelei would not be a maximum even at opposition this yeai. 

29 It cannot be expected that iniciomctiical measiucs taken in this way by foiu cliffcient 
piisms will always accoul so iicaily, but if the solai focal point be well dctciinnicd by finding 
the exact position ol the piisms whoie well defined single images aio foimcd (which will be on 
the section of the doubly lefiacting solid), the ineasiues will have no olhci dificieiice than 
what may be fauly imputed to a defect in the obscivalion, piovidcd the telescope be good, the 
constant angles tiuly detci mined, and the cye-picco ol thatconstinclion which is usually deno¬ 
minated positive. We will conclude oui section by subjoining some additional moasuies 
taken by the same moans m some of the following months. 


Jupitci, Apiil lO, 182G. 


PUI8M 1 


PUIHM 3 

PlURM 4 

3.32".7G 

2 . . ..34".0() 

1 .2a".0G 

1.31". 10 

.7 . 7-04 

.3 . 5 .24 

,8 .. . 18.37 

.3 . 0 .33 

.07.7G 

.02.35 

.00.. 1.38 

.07. 2.18 

41 .1(5 

40.49 

42 .71 

42.01 


Fioin an aveiago of these foiu mcasuies the long diameter of the planet was at this time 
41".7'j[!, still deci casing, 

Jiipitei, Apiil Ui. 

Pi ism 2. gave 1.7(5 = 41" SG) _ aryoo 
8. , 2.97 = 40.41) ” '' * 

Jiipilei, May 2. ^ 

Piisin 1. gave 3.51 = 38".381 

2 . 2.24 = SO 90 f « 

3 _1.71 = 30.2(5 f 

4. . . 1.275 = SO .05 ) 


Mais, May 31. 


riutiM ] 

P1U8M 3 

Pjubm 4 

JIl-AN 

1.10" os 

.7.7.04 

.01.0.11 

0.8 .18".37 

0 0 .18".()0 

.004. 0 .12 

■ 


18 .07 

18.37 

18,78 

. 

3 8".6l 


Mats, July 16 

Pnsin 3. gave 0.47 = 10".79 only, which measuie shows that Mai 3 was appatently doci easing 
vei y fast. 

VOL. U. 


E E 
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Satuin’s Ring, April 7, 1826 


IiENGTII 

BBEADTJI. 

Piism 1 . . 3 82 = 4.r.71 

1.89 = 20''.64 

2.' 2.39 = 41 .71 

1.24 =5 21.64 

S . 1.84 =: 42.25 

0.91 = 20.89 

4. . , . . 1.36 = 42.30 

0 .68 = 21.15 

Avoiage ... 41.99 

21 08 


Nov. 26. Sun’s diameter by Rodion’s nmeteen-inch telescope (8.) 32' SO" 

Ditto, by the Nautical Almanac. ..... 32 29 


si XXXVIII ON THE DIFFERENT METHODS OP DETERMINING THE CONSTANT ANGLE OP 
A DOUBLY REFRACTING PRISM OP ROCK CRYSTAL, OR OP A GLASS WEDGE. 

1. When a solid of double lefiaction is foimed into a figure, which will make an object viewed 
thiougli li appeal double, two lines diawii fioin the centies of those two image*' to the eye of 
the obseivei, will include a small angle at the eye, the magnitude of which will always bo the 
same whalevei object bo viewed, oi whatevei may be the distance of that object, hence this 
angle is called the constant angle of the doubly leliacting body. Wc have nlicady said that the 
shape usually adopted foi the sepaiation of the two images is that of a piisin, and that the 
quantity of sepaiation, constituting the constant angle of any piisin, depends on its lefiacUng 
angle included between the two piincipal sections of foimatioq, which limit the thickness of tlie 
end opposed to this angle. When two pnsms, one having single and the othci double lefiac- 
tion, are placed in a icveised position so .is to foim a cubic, oi oblong solid, it becomes achio- 
matic, but letains the piopeity of giving double images including a constant angle, as we have 
before noticed. 

2. The accuiacy of ail measuies taken by means of the constant angle we have above eiC* 
plained, howevei applied, depends on the coiieclness with which this angle is deleimined in 
the identical achiomatised piisin made use of, it thcicfoie becomes a mattci ofimpoitancc to 
Uie piactical astionomei, who has occasion to avail himself of the constant angle aiising fiom 
double lefiaction, to be able to dcteiminc its quantity in the most satisfacloiy manner. 
Duiing oui investigation of this inleresling subject, foui dififcient methods have occiured to us 
of asceitaining the constant angle of a piism of lock ciystal achiomaUscd in the way that has 
been dcsciibcd, which agiec with one anothei in a lemailiable manner, as will be seen fiotn 
a comparison of the lespective losults. 

S. First method -—^When a caid is fivod veitically against a wall and viewed tbiough a 
prism of double lefiaction, the appaient distance between the two images of such caid will de¬ 
pend, partly on the magnitude of the constant angle, and pailly on the distance at which the 
eye of the ohservei is placed fioin the caid, foi the absolute angle that the object subtends 
vanes inveisely as its distance fiom the eye, while the constant angle of the pusm lemains un- 
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alteied at all distances, if theicfoie the eye of the obseivci appioaches oi lecedes flora the 
caid, accoidingly as the two images of the caid aie sepaiatcd oi ovcilap one anolhei, Iheie 
will be a coitam distance found by tiial, wheio the opposite sides, oi ends, of the images, ac 
coidmg to the position of the piisin, will just come m contact, in which situation the dislniicc 
between the exact ccntics of the caids will be equal to the bieadth oi length of the eaid, as 
tlie case may be , and when the dimensions of the caid aic known, and the exact distance of 
Its suilace flora the eye, the angle subtended by it at the eye is easily computed by a case ui 
plane tiigonometiy. One condition is, that the eye be situated in the same hoiixontal line 
with the cential point of the veitical caid, so as to bo at light angles to its plane, and anothci 
lequisile is, that the face ol the solid, piesented to the caul, be exactly paiallel to its smfacc 
The method of taking the ineasiuo coiiocLly when the place of the eye is raaiked on a sus¬ 
pended plumb-line, oi on a fixed veitical slaif, will be obvious to evciy obseivei. If the caid 
IS an exact inch, the distance may be mcasuied in inches and decimal paiU, but if a sheet of 
papci IS cut to an exact loot, tlie lucasiuc may he taken in fool and decimal pails, Ibi in 
eithci case, the computation will bo equally easy Indeed wo have aheady stated [§ XX. 8 ] 
that when a yaid is the denomination ol mcasiue, the angle sublcmlod by it, at any distance, 
may be immediately obtained flora the logaiilhmic unlliinotical compleinont of that distance, 
which IS always equal to the logaiithmic siuc of the subtended angle, which in oiii case is the 
constant angle leqiiiicd. 

4i. Indeed our table, given in the Section just rcfeired to, though computed foi ynicls, 
will give the angle coiiusponding to feet, oi inches, by iiispoction equally well, piovidod the 
measiuc of the object be taken as uiiilij, and its distiuico be mcasiucd ui tiumbeis of the same 
denomination When inches aic chosen, the constant angle of a piisin may generally be taken 
in a good sized loom, but if feet or yaids be pieioiiod, the mcasiue of distance must necessa¬ 
rily be on level giouiul. 

5 Wo will liiustiatc this method by loin examples nUbidcd us bj'thelbiu pusmsjtic- 
paied foi us by Dollond, foi the oxpicss pin pose ol being applied to astionoinical obseivations 
When an oblong caul, just an inch wide, was made fast to a veitical black giouiid painted on 
aboaul, the distances at winch the images of the card, inoile by the icspcctivo doubly icliact- 
ing bodies, woic latcially in exact contact, and the coaospondmg angles woie as follow , viz 


PimuiB 
usi d 

DmtancoB in 

IiichcB 

LogmitliniR oi 
diHlnnccs 

fm 1 ' ■ ■■ “ ——■ 

Log Ai Co := tlio 
Biucfi 

Const Angles 
dolennniL(l ! 

1 

248 .5 

2 .3053204 

7 .0040730 

13' 

50" 

i s 

155. 

2.1903317 

7.8090083 

22 

11 

3 

118 . 

2.0718820 

7.9281180 

29 

8 

4. 

87.1 

1.9400182 

8 .0599818 

39 

28 


If we examine oui Table in Section XX, wc shall find the distances in the coUimns, with the 
coriespondnig minutes at the side, and seconds at the head, exactly as above computed. The 
last distance 87.1 is smallei than any that appeals in the table, but wo shall find Ylif .2, the 
double of this numbei, pointing out 19' as being half the rcqiined angle. 


E E 2 



212 ON TUB DIFFERENT METHODS OF DETERMININO THE CONSTANT ANGLE 

6 Monsieui Aiago was piobably the fiisl astioiiomei who successfully applied pnsms of 
rock ciystal to the eyepiece of a telescope foi the incasuiemenl of veiy small angulai sub¬ 
tenses his plan, we undoi stood him to say, was to use the piisms placed obliquely, to in- 
ciease the constant angles due to them, and to dcteiminc then lespective values, thus iii- 
ci eased, by means of conccntiic cncles, placed veitically at a measiued distance fiom his eye, 
when looking thiongh the piism 5 foi, as he knew the diameteis of each ciiclo, he could genc- 
lally find one out of the numbci, which would come into exact contact with its imago, and tluib 
gain the value of the constant angle 

7. In all nieasinos taken by the unassisted eye, the conicidoncc of the opposite edges of 
contiguous images of a clisUut object, of whatcvei shape, nuy be expected to be liable to 
enoneoiis cstunaliou in such degiec, as may lendei compulations founded on the appioxim.Ue 
measuics moic 01 less doubtful; we will theieforc piocccd to show how the maginfyiiig powci 
of the telescope may be lesoilcd to, in aid of the naluial powci of the human eye. 

8 . Second meiltad ,—'When apiismof double lefiaction is placed on the evtenoi face of 
the object-glass of an oulinaiy sized telescope, in a way that will exclude all the light except 
what enteis the piibin, which may be* done by means of a small bole 111 the cap, just laigc 
enough lo'ieceivc the coll of the piism, a white staff oi othoi light colomod body will be seen 
double, if not placed at too gicat a distance fiom the telescope, and the distance between the 
two elect images of such a staff) placed vcitically, will be the subtense ol the constant anglo of 
the piism, in the same inannci as if the staff were viewed tiuough the piism by the naked eye. 
This cncnmslance affoids the icady and acciiialc means of measuiing the distance between the 
two images of the staff by a spulci’s line iniciomctci, used as the eye-piccc of the telescope. 
The method has been explained at considoiable length, m one of the cailioi papcis contained 
m the fust volume of the Memous of llie Astionomical Society of London, which indeed was 
thoffist papei leadbcfoie the Society as a body, but m that explanation no notice was taken of 
the change of the micioinctcr’s scale, which sometimes takes place in consequence of the 
shoitening of the focal distance of the telescope, winch change, being pioduccd by sui faces not 
pcifectly plane, will not bo the same with cliffoiont piisms. Wo pioposc to detcimine the con 
slant angles of the same fom pusms by tlie aid of a telescope, and at the same tunc to show 
how the effects of an alteialion in the niiciometei’s, scale may be avoided. 

9 . Theie is a coping stone painted white, eight feet long, on the piei which holds the two 
meiiclian maiks, about 820 yards to the noilh of South 'Kilwoith Obscivatoiy, which stone it 
was judged would bo suitable foi the subtense of an angle to be mcasuicd fiom eilhci of the 
pillais, which cany the tiansit instiuincnt and the cnclc icspcctivcly, as being equally distant 
fioni both The angle subtended by this stone, as measiued by llic a/imiith ciicie, was 
28' 48", and when measuied by a spuloi’s-linc iniciomctei atlaclicd to a 43 2 inch telescope 
placed on the tiansit pillai, 87.82 tin ns, of 46" 12 each, gave 29'4', fiom which, if we deduct 
16", the pi Opel collection foi the small distance, wo shall have for this mcasiiic also 28'48", so 
that the measiuc of the angle subtended by tlie length of the wlulo stone may be consuleicd as 
correct. In the next place the foui prisms, which had been put into ciiciiiai cells of equal 
diameteis, wcie fitted into a hole in the ccntic of the cap, which coveis the ivpeitureofthesaicl 
telescope ; and when the eye-piecc was pushed in, to obtain distinct vision with each prism in 
succession, the nuinboi of icvolutions of tiie iniciometei’s scicw which the stone noxv tncafuirecl 
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wcie pul clown, and also the iiumbei concsponchng to each measiuc of the constant angle, oi 
sepaialion of the images of the same end of the stone, agieeably to the subjoined le- 
gistei vi/ 5 . 


Pusms 

Entuc stone 

Constant angle 

1 

35 .25 

17 *00 llcvolutions. 

2 

35 20 

27 .15 do 

3 

34 .94 

35.45 do. 

4 

34 .77 

■ 47.77 do. 


10 Now as wo knew that the tiue mcasiue of the slonc was 1728 ", and as wo were awaie, 
that the scale of the iniciomoloi might bo changed fiom the solar value, wc no longci used the 
labulai quantities belonging to the telescope licie employed, but by dueet piopoition made the 
constant angles of the pusms lo be m the same ratio to the icvolntions of the niicrometci moa- 
siuing those angles, that the line ineasino of the stone had to the nuinbci of revolutions which 
lespcclively mcasiucd it, at the diireicnt positions foi the dinbiont pi isms j for the fust piisin 
shoilcncd the sohu focus about niches, the second about 2 }, and tlio thud and fouilh 
ncaily 3 inches, so that the same scale, liowcvoi modified, would not apply to the icvolii- 
tions belonging lo the dificient piisms, The woik when abudged will stand thus j viz. 

ni VOIj BIONI llluVOTi OONHf ANOr.I (I 

Pnsm 1 . As 35.25 1728 "* 17.00 l.'5'53".'l> 

2. 35.20 1728 27.15 22 12 8 

3. 3'J..!)5 1728 35 .'15 20 12.7 

4-. 34.77 . 1728 * 4 . 7.77 30 34 .0 

This cleteiminalion of tlic constant angles of the loin piisms aocouls in a suipusing mannei 
with the icsults of the ptccoding method, and as the magnifying powci of the lolescopo with 
Tiougliton’s mici ometor is upwai ds of 44 times, wc must feel disposed to give a ptcfticiico to the 
latloi dotcrimnation ' 

11 . ThiydmellwcU —If the telescope could liavc boon shoilcncd sufficiently lo admit of 
distinct vision of the sun 01 othei lieavcnly body, when the piisms wcic applied befoio tho 
object glass, the two images of such body would piobably have boon piofciublc to the images 
of the white stone which foimod the slandaid of liio nlteiod scale of moasiuos, in tho preceding 
method of gaming ihe constant angles of the foiu pusms, but this could not be done with tho 
telescope which had Its cap adapted 10,1 cccivo those pusms. Anolhci aiiangcinent howcvci 
occuued, which admiUcd of the sohu focus of the telescope bcnig used at its usual length of 
43.2 inches, and also of llie coucsponclmg labulai mcasuies being taken at once without 
alteiation, fiom the Table pieviously constinoted, wo shall descuhe this as a thud method, 
winch is equally acciuate with the second, and in most situations much more convenient m 
piacticc 

12 . A dul-plate of 2 f inches in diametei, with a while enamelled giound, but without 
cuclcs 01 figuies, was piocuied as a disc to he attached lo the lop of a staff, and to be placed 
at any distance which ciicumstances might leqinio} and when the said telescope was adjusted lo 
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its solar focus, by viewing the sun, the thickest pi ism was inseiled into the cap, and placed 
befoie the object-glass, and a neai station was found by tiul such, that the elongation of the 
telescope, occasioned by the smallness of the distance, was an exact compensation foi the 
shoitening occasioned by the lefiaction of the piisin, this was known to be the case, when the 
images of the disc weie well defined at the solai adjustment foi vision of the telescope This 
compensation took place at the distance of 46 feet only fiom the object-glass of the telescope, 
with all Uie foui piisms, oi veiy neaily so, and the head of the small sciew, which fixed the dial 
01 disc to the slafF, being blackened, foimed such a contiast with the wliite giound of the enamel, 
as to become an object sufficiently well defined to admit of being bisected by the spidei’s hues. 
The cxtieme edges of the image foimed by the lays of oidmaiy icfiaction, weic also well 
defined, but the edges of the image, foimed by Iheiays of extiaoidinaiy lefiactioii, wcio alw.iys 
tinged with yellow on the side next to the othei image, and with violet at the lemolc edge, so that 
ameasme taken fiom eithei of its edges could not well be depended upon, though it was always 
liicd as alToiding a voiiflcation, while the lines lemamed at the sepaiation, which mcasiued the 
distance fiom centie to centie of the two discs The mcasiues tinned out to bo most satis- 
factoiy, as will appeal fiom the annexed statement of lesults, which weie oxarained and 
acquiesced lu by two scpaiatc obsciveis, befoie the coiicspondmg tabular quantities wcic 
extiacted fiom the Table apjnopuatod to the miciometei, when used with the said telescope. 


Pi ism 1. 
2 

S. 

4. 


18.0 

1 evolutions =; 

13' 

50". 16 

. 28.86 

do. 

22 

11.66 

. 37 90 

do. 

29 

7.94 

. 51.44 

do. 

39 

32.32 


§ XIX. 0 


13. When a piism is applied befoie the object-glass of a telescope, as was done in the two 
last methods, the obsei vei must be caioful not to admit any extianeous light at the hole usually 
made at the side of the mam tube fbi lUunnnalion, foi otliciwise the im.igcs, occasioned by the 
piisin, will bo veiy faint and impoifectly defined, which ciiciunstancc was discoveiod by acci¬ 
dent, while a second obsei vci was walking lound tlie telescope, and in one paiticular situation 
inteiccpted the light, which had pieviously occasioned gieat difficulty in getting good measuies 
14 Fouitk method .—If wo place a piism of double icfi'action upon the suiface of the fiist 
lens of the positive cyc-picce of a .spider’s-iine nuciomctei, and look thiough it, each line m 
the miciometci wdl appeal double, and when the piism is tinned round upon its face, a position 
will bo found wheie the sepaiation is a maximum * if, while in this position, the sciew of the 
miciometei be tinned, to separate its two coincident lines, supposed to bo botli at icio, foui 
lines will now appeal, and a fuithei opening by the sciew will lay the imago of the lino foimed 
by the extiaoidinaiy lefraction ovoi the next contiguous line seen by means of the oidinaiy 
lefiaction, and the two lines so superposed foim a single line, much blacker than either of 
the lemamuig lines, to the light and left of it. In this situation the miciomctei’s sciew mca- 
siiies the distance between cither of the lines and its image, m paits of a i evolution, the value 
of winch we will call c, when the miciometei is used with a given telescope, then, as tiio 
constant angle of a prism is undimimshed when in contact with the object-glass of the telescope, 
if we call It C, and put F and y foi the focal distances of the object-glass and cyc-picce, we 
shall have the following analogy 



OP A DOUBLY REFRACTING PRI&JSI OP ROCK CRYSTAL 


21S 



C . C 


theiefoic Fc 


•:=-SG^ ‘Rid, by liansposilioii 



but [§ XI 10 - = 


P, the magnifying power of ilie telescope} 


and consequently F c~C, tbe constant angle icqunod. 

Foi instance, when oiu piism t was placed on the eyc-piece of Tioughton’s miciomctei, 
and heldovei an inclined mnior which illuminated the spidoi’s linos, the foiination of the stioiig 
black line was at 0 4)1 ol the miciometci’s head, taken on both sides of zoio, and since the 
tabular value of a ievolution with telescope No. 3 is 40". tS [§ XIX. 6.], wo have c r= 0.41 
X 46".13 = 18" 9092 , then the magnifying powci of this .telescope, with {ho same miciomctoi, 
IS 44.23, as dcteimined by a good dynametci 5 hence ia ".9092 x 44.23 = 13' 50",35 — C 
IS the constant angle icqiuiod, The following 'Pablc conlains the data and constant angles 
deduced tliciefiom, of all the foiu pusins. 



Puams* 

Miciomcici 

Tntmlnr Vnlue 
of Tel 2 

G 

Mi 

P 

c 

1 

0 .41 

40". 12 

18".9092 

44 .23 

IS' 50".35 


0,65 

40 .12 

29 .9780 

44.33 

22 5 .93 

3 

0 80 

40.12 

39 .6032 

44.23 

29 14.30 

4 

1.10 

46.12 

53 .4902 

44.23 

39 20.27 


16 If we multiply the piopei labulai value of Tioughlon’s raiciomoLcr by the magm- 
fymg power of any telescope to which it may bo applied, the constant pioduct will ho 2040", 
01 veiy ncaily so, and the opeiation of dctoimining the constant unglu ol any piisni may he 
ahudged, by multiplying the niimbois contained in the second column lespocUvcly by this 
constant pioduct only, accoiding to the following Table viz. 


1 

2040" X .41 

13' 5C".4 

2 

2040 X .05 

22 G.O 

3 

2040 X .80 

20 14 4 

4 

2040 X 1 10 

39 20.4 


17 AVEHAOl’ 01. THE l-OUIl METHODS. 



PniBM 1 

PuieM 2 

PilisM 3 

PUIBM 4. 

_ _ 1 

Fust method .. 

13' 

50".0 

22 ' 

11".0 

29 ' 

8"0 

39' 

28".0 

Second do 

IS 

58 4 

22 

12.8 

29 

12 .7 

39 

34.0 

Thu d do ... 

13 

50 2 

22 

11.7 

29 

7.9 

39 

32,3 

Poui th do. 

18 

50 3 

22 

5.9 

29 

14 .3 

39 

20.3 

Aveiago. 

13 

52.5 

22 

■ 1 [III ■"■■■ 

10 4 

29 

10.7 

89 

SO ,2 


These last aie the constant angles which we have used in the construction of the foui Tables 
inseited in oui last Section, and also of the Tables which appear in a subsequent Section, foi 
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the use of oui oculai ciystal miciometei, and aq the moasuic taken by a pusm i.s always 
small, theic can bo no peiceptible eiioi aiising fiom a fiaclional pait of tlic whole angle thus 

detei mined 

18. When the constant anglo of a pnsin is once well cleteimined, and also the value of c 
with any given telescope, we have the means of knowing the magnifying powei without a 

dynamelei foi if C be equal to P c, we have - = P, and this will bo the case witli any pusm 

c 

when Cand c aie both known Foi instance, withiespectto the foiu piisnis undei oui exami¬ 
nation, if we divide the constant angles contained in tlic sixth column, C, of oui T.iblc (I^,) 
by the numbeis undei the foiuth column, c, i espectivoly, each quotient will sepaiatcly give the 
powei P = 44! 23, which was detcimined by tlie dynametei 

If we weie to deteiininc the magnifying powei of oiii telescope of 7^5 *^5 inches focal 
length (No 5) in the same way, the Ubiilai value of a levolution of Tioiiglilon’s iniciomelcr, 
when applied to it, is 26".l [§ XIX. C ], and we should have the following icsnlts 


Pusms 

Mierometei 

1 

C 

c 

c 

1 

0 .41 

10 ". 70 i 

IS' m\5 

78 . iicaily 

2 , 

0 .65 

1 10 . 96.5 

22 10 4 

78.4 

3 

0 .80 

22.440 

29 10.7 

73 • neaily 

4 

1.10 

30 .276 

' 

39 30.2 

78 .2 


19. When the piisms of an achromatic crystal of double lefiaction aic thick, and liavc 
consequently a laige icfiacting angle, it is nccessaiy that the two pusms which compose tlio 
solid, should be of equal thickness, and have then faces pcifcclly flat, olhcnviso the solid will 
not be aclnomatic, noi the constant angle the same, when the solid is tiuiicd halfiouiulj 
neither will it lemain iinalloied when the dices of the solid aio leveised, unless the constant 
angle is a compound whcic both the pusms have double lefiacliou, and in this case the 
sections must be made in the piopei planes piccisely, oi thoic will be scveial sccoiidaiy images. 
When the mcasiues of a coiLam thick ciystal, loimcd of two pusms, of which ono only has 
the doubly 1 cfiacting piopeity, weie taken accouhng to thud method, it was found that 
all the foul, taken in the levciscd and mvcitod positions, weic a little difl’cient fiom one 
anothci, leaving a doubt uncleteimined, which of the augiilai incasuies ought to be considered 
the piopei emstant angle to be used in astionomical obsoivations. The only way in which the 
pusm in question can be used, witli any ceitaiiity of giving accuiale icsulls, is, to have the 
foul positions maiked, and as many Tables computed, to conespond to these positions \ the 
raeasuzes weie as follow, when the cell had been maiked with a dot of ink on one side vu. 


Diiect position.. with dot up. 71 *20 levoiutions of micioinctei 

with dot down.73 70 ditto... 

Reveised position with dot up. 69.30 ditto . 

with dot down .... 73 20 ditto . 

Mean constant angle in the diiect position .. 

Do. . m the leversed position. 

Mean of the foiu positions........ 



// 


3366 

3196 

S 874 


3285 

3305 
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SO. The measiiies of the same thick piism, taken by oiu fouith raethocl, diffci also, not 
only among themselves, in the lespective positions, but as they logaid the measuies taken by 
out thud method, theicby incieasing the uncoitainty of gaining any good lesults fioin any of 
the constant angles of this ciyslal, that may be adopted with lefeicnce to any given position 
The subjoined aie the measuies of the constant angle of the same thick piisra, lesulting flora 
oui fouith method. 

Diiect position.,, with dot up. 1.62 x 2040''= 6305" 

with dot down ..... 1.70 x 2040 = 3468 

llcvcised position with dot up. 1.60 x 2040 = 3325 

with dot down .... 1,72 x 2040 =: 3509 

Mean constant angle m the diiect position.= 3315 

Do....in the 10 vcisod position . = 3488 

Moan of the fora positions. = 3402 


21. The measuies, by both these methods, were taken witlias much caio, as the measuies 
fiom which the constant angles of the preceding four pi isms were dctei mined, and it appeals 
that theie IS a diffeioncc of 97" in the mean angles, an,sing fiom an average of all the fora 
positions, when the thud and fouith methods, which wo consulei the most convenient, have 
then lesults compaied. The discrepance points out the piopiicly of examining the piopeities 
of a piism of douhle lofiaction caicfully, befoie it is fixed upon to constitute the part of an 
mstiumont foi determining miciometiical measurements, 

22. When the constant angle of a wedge of glass, or of a pan of wedges, is to be detei- 
mined by applying the cell containing tbcm to the diinimshcd apeituio of a telescope, the focal 
length of the telqgcopc will not be affected by such ajipbcation: the angles may thcicfoio be 
detoimincd by any object placed at a known distance, ticcoiding to oui second method, by 
means of a spidci’sJino miciomotei applied to the mcasuiemcnl of the distance between the 
centies of the two images, and the values thus dctciminod may allciwaids be convoited into 


the solai values 



as we have bcfoio explained [§ XX. 5], 


To exomphfy tins method, 


OUI telescope of 43.2 inches focal length (No. 2) was adjusted to distinct vision of the painted 
coping-stone, containing the ineiidian maiks, at the distance of 960 feet, and when the wedges 
5, and a + 5, specified in oiu Ihiify-sixth section (6.), weio successively inscited into the 
cential hole made in the cap covoiing the object-glass, the following measuies weie obtained 
of the distances between the two images of one of the extiemities of the said stone. 


Wddgl a 

Wjudoiw h 

Wiujaus a V h 

Rovol 

34. = 26' 8".08 

.28 = 12.90 

Rcvol 

55 . =1 42' 16". 60 

.23 =: 10.60 

Rovol 

50. = 38' 26''.00 

39 ~ 29 >^3.68 

.51 23.51 

Sum, . = 26 20.98 

■ -- - ■ 

Sura .. = 42 27.20 

Sum... = 68 48.19 
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The constant angle of the double pusm a h was found too laige to be contained in the field 
of view of the telescope, and theiefoie walks weic made on the stone, which affoidcd the means 
Qp the distance between the double images at two opeiations, as stated in the thud 

column. The accuiacy of tlie measuies was proved by the ciicumstance, that the sum of th^ 
tpeasuies of the constant angles of the wedges a and h, gives the same amount, as the measure 
taken of the wedge o -j- i in a scpaiate deteimination. 

23. When the constant angles thus detcimmed woi e respectively divided by 70 .25, the 
focal length of om telescope (No. 5), the quotients affoided the measuies poi inch of the scale 
applied on Dr. Maskelyne’s pimciplc, viz. foi wedge a 20".7d., foi wedge b 33“A and foi a + 5 
which niunbeis foi'in the basis of oui Table, given at the end of otii Section XXXVI, 
but this Table is not adapted foi giving accuiale celestial measuies, till it has been iccUficd by 


oui foiraula/, winch we will now pioceecUo explain, by conveiting the said Table into a 

•J 

/ * 

Table suitable for giving celestial measuies. By oiu foimula = <?, wo nnd that tlie elon¬ 
gation of the telescope, when adjusted to the maik, was 1 .GS, and when we have substituted 


f 

f foi/ h e, we shall have^, 


4.3.2 

4-4.83 


for finding the tiue constant angles 1523''.5, 2454*, and 


S977".5, and also foi conveiting the Table for teuestual measuies into a Table of celestial 
aics, as heie annexed, 



A TABLE 


OP THE CELESTIAL VALUES OP THREE CUNEIFORM MICROMETERS USl-lD WITH A 

TELESCOPE OP 76 % INCHES SOLAR FOCAL LENGTH 



FinflT Wj^Dor a 

1 

Si cond Wi mi> b 

Two WlIDOl 9 ft j 

h 

{Scale 

IlK lic<^ 

'icnthfl 

Iltin 

ilrctUlid 

Scale 

1 

1 

Indies 

■ 

Tenths 

— 1 

Hun 

(Iicilths 

Scale 

Inches 

'XV nllia 

linn- : 
(liedtiis 

1 

I ■ 

0 10" 08 ' 

a" 00 

0 20 

1 

^ ■pi-M ■ 1 p 

0 32' 10 

a" 22 

0"82 

1 

0 62" IG 

Ci" 22 

0" 62 

2 ; 

0 80 06 

4 00 

0 40 

2 

1 4 30 

0 44 

0 (t-i 

2 

1 44 32 

10 48 

1 01 

3 

0 60 04 

6 09 

0 00 

a 

1 m 64 

0 66 

0 00 

8 

2 ,10 40. 

16 06 

1 60 

4 

1 10 02 1 

7 00 

0 ao 

4 

■2 a 72 

12 87 

1 29 

4 

8 28 04 

20 80 

2.00 

5 

1 30 DO 

0 00 

1 00 

6 

2 40 90 

10 09 

1 01 

6 

4 20 80 

2G 08 

2 01 

0 

X 60 oa 

11 00 

120 

0 

3 13 08 

10 31 

1 08 

G 

1 5 12 00 

31 30 

3 13 

7 

2 10 80 

IS 00 

1 40 

7 , 

3 45 20 

22 63 

2 26 

7 

0 6 12 

30 61 

8 06 

0 

2 30 84 

16 08 

i GO 

a 

4 17 41 

26 74 

2 67 

8 

0 57 28 

41 73 

4 17 

9 

2 60 82 

17 08 

X ao i 

9 

4 40 02 

28 90 

2 90 

0 

7 40 44 

40 01 

4 00 

),0 

8 10 80 

10 08 

2 00 

* 10 

• 

6 21 80 

82 18 

3 22 

10 

0 41 GO 

62 10 

6 22 


In all cehsttcil obsei vations this Table must be substituted for the Table given at page 201 of 
this volume. 

25. As an exemplification of the use of this Table, we will take the measures of the 
longei diainelei of Jupitei, taken by the three cuneiform miciometeis, on the 2d of May, 1826, 
at the same tune that the prisms of ciystal weie used for the same purpose; which measures, 
with their leapective tabular values, will stand thus 



THE OOOjEiAB CRYSTAL MICROMETER 



Wedge « + & measuxed the disc at 0.78 . . . =: 40'',68 

b .1.3S 09.26 

a .^ 015 . . . r= 40.26 

Mean of the whole ... ........ 40.03 

On tuinmg back to page 209 , we shall find that the same diamctoi, taken by an average of 
foul piisms, on llochon’s piinciplc, on the same cvonuig, was 30“.SO, in which dccluctiuns the 
dilFeicnco is less than thiec quailcis of a second. 


4 XXXIX THE OCULAR CRYSTAL MICROMETER [Pi-atj. Ill ] 


I. Aftei having shown how Eoohon applied tho conslnnl angle ol’ an nchiomnUc pusra of lock 
ciystal, situated between the object-glass and cyc-pioco of a lolcsco))o, as a niicioinotci with a 
long scale, and having explained the diflbicnt methods of delcimining this angle with sunicient 
piccision, we aic now picpaicd to convey to our loadcis an idea, liow any smiilai but Binullui 
piism may be employed between the eye and the cye-pioce oI‘ a icfraoting, Newtonian, 01 
HoischcHan telescope, for mcasuiing small angles with as much corroctnoss a.s the powois of 
the human eye will admit of We have had occasion [§ XXXVTII. 14.] to .show, that, when 
apiism of double iclractioii is placed contiguous to the exteiioi face of the fiist lens of the 
eyc-piccc of a spidoi's-line miciometci, the app.ucnt distance between one of ila lines and the 
image of that lino, may he measiucd m the field of view, when tho mieiometei is applied to .» 
telescope having a Table of values apjnopiintod to it. 'riiis value with any given pusm we 
called c, and the constant angle C, and when the known magnifying powei of the telescope is 

0 

designated by P, it has been seen that P c « C, and coiis<>quently ' = r, The punciple ol 


tins micioinetci is, to delciimnc the value of c, 01 iiicnsuro of an object at any lime, liy Us 



found by means of the pusm alone, wbon the spuloi’s-lino imciomctor is not 


used. As the value of G is constant, we have only to apply an eye-])icec with vanabic powers, 
such as we dcsciibcd m oui sixth section, 01 as that 111 tho ninth paragiaph of our seventh, to 
findP at all times j the foimcr of which eye pieces gives tho object invcilod, and (ho Inttci 
elect, but as the celestial constinction employs fewci lenses, and consequently has more light, 
we will confine oui dosciiption piincipnlly to it, as being piofeiablc, as well ns inoie con¬ 
venient to use 

2 If OUI icadci has not peiiiscd oui sixth section with attention, wo must lofei him 
back to it foi a dcsciiption of the celestial eye piece with vaiiablo powers, to tho use of winch 
we shall now have occasion to mtioducc Inin Wc liavo ihcic stated that figiucs 13 and J4 
of Plato III explain the most simple constinction of an eyc-piccc possessed of various powcis 
depending simply on the sepaialion of Us two lenses, but the oye-piecc lepioscntcd by figuic 
15, and in section by figuio 16, with a poition detached in fig, 17, is an unpioved one, which 
includes a giaduated cuclc and vcimei, shown sepaialelyin figiues 18 and I 9 , forgiving 

r r 2 
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angles of position, which the line of diiectioii of the measme makes with any given line, 
In the impioved constuiction, a is the second oi constant lens, winch slides by the lack-woik c, 
and has a single veiy fine diametucal line, cut by a diamond, which is capable of being adjusted 
into a honzontal oi veitical position, by tinning lound the cell that holds it, i is the eye lens, 
which may he changed foi anothei of longei or shoitei focal length, to give a new scale of 
tabulated magnifying powers j of these theie may be thiee oi four successively sciewing into 
the same place, d is the giaduated ciicle, which may be sciewed to a ciiculai shoulder near 
the eye-lens, when lequiied, or may be displaced if not wanted, e e aio two pins entering the 
veim 01 -piece, seen detached m fig 17 » which seive to take hold of in tuining the vernier, 
which has a flee motion round a ciiculai shoiildci, formed on the ciicle, g is the biass cell 
which holds the piisra in all the figuies, and at fiist was made to sciew into the end of the eye¬ 
piece, but it has since been found more convenient to make it slide into a plain piece of tube 
made fast to the veiniei-piece, when the ciicle is used, oi to the cyc-piecc when the ciicle is 
omitted. This method affoids facility, and saves time m changing the piisins, if, duiing the 
obseivatiou, the angle is found too laige oi too small fbi a given piisin, which liappcns to be 
applied We have seen an exccntaic ciiculai holdei of biass, made by Mi. Bolloiid, which 
holds foui diflPeient piisms, and by tin ning it lound the centre of motion, it will picsent any 
one of the foui pusms in succession, without then being displaced, in the way a compound 
iniciosGope has sometimes several magnifying lenses successively applied When this mode of 
fixing the pi isms is used, Iheie ought to be an adjustment foi allowing the pi isms to turn 
loimd, when the index of the cucle is at zeio, that the honzontal line on the second lens and 
its image may coincide in that position, We piefei slipping m the cell, holding the prism, 
in the way lepiescnted in figure 19, whcicg, having no scicw, is at Iiboily to tuin loiiiid foi 
this adjustment, and can also be leadily lemoved and changed foi anolhoi. 

3. The method of using this vaiiable eye-pioce, which, m conjunction with a prism of 
double lefiaction, constitutes the ocular crystal rntcromoler, will icquiie some explanation 
When the miciometei has been sciewed, without its piisin, into the small lube of a telescope, 
in the place of an oulumiy cye-picce, till it is at home, the nut c must he tinned till the line 
on the face of the second lens, a, is cleaily seen, and if it be voitical, as coinpaied with a 
plumb-line, seen by the second eye looking out of the telescope, the position of this lens is 
light, otherwise It must bo tuinod lound a little, by degrees, till it is found to pieseiit ils 
diametucal line in avcitical position This adjustment howevei is of no importance, if an 
angle of position is not intended to ho moasuicd In the next place, tmn the telescope to the 
object to be measured, and obtain distinct vision by its piopcr scicw, and put zeio of the 
veiniei to 90 on the cucle, in which case 0° will he in the honzontal lino, provided the figuies 
run 10, 20, SO, 8fc. on each side of zeio, nisei t now one of the pi isms into the holdci of the 
veiniei-piece, and tuin it lound sepaiatcly, till the diametucal line on tho lens «, audits unage, 
foim one single line, the zeio of the veinici still icmainmg at 90“ of tho cucle, the identical 
points m this vertical line will not howevei coincide with then images, though they appear to 
do so, foi in this position of the eye-piece, of the veiniei, and prism, a single stai will appear 
double, and a linejoniing the two will be veitical When the veinici now is gradually moved, 
by the pins e t, along the ciicle’s limb towaids either 00“, the line joining the stai, and its 
image, will foim couesponding angles with the veitical, tlie complements of which will he the 
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angles made with the hou/onUl line, and as the figures go backwards fiom 90 to 80, 70 , 60, 
&c. it IS the lattei angle which is always indicated by the verniei when a quadiant is thus 
passed ovei, the stai and its image will appeal in a hoiizontal line, to which the diametiical 
line of lens a might have been adjusted, but that a vciLical stioke is inoic easy to veiify, by 
compaii&on with a plumb-line. 

4<. When we spoke of the adjustment of the second lens, and the coiiespondiiig position 
of the piism, to 1 cndei the diametiical stioke and its image a single line, we supposed the 
telescope placed ni the meiidiau of the place, and elevated in its plane, when the single stai 
was supposed to bo seen double, and tins is the siliialioii which a telescope must occupy, when 
it IS not mounted on an cquatoiial stand, and duly adjusted foi the latitude, in oidci to mea- 
suie angles of position. Let us now suppose a doiihk stai passing the telescope in its adjusted 
position , hcic wo shall have a pan of double stais bcfoic us, and if tlic veinici stands at 90°, 
as in the flist instance, the lines joining each sepaialo pan will both be voilical, and the foiu 
luminous points will foim the angulai points of an oblong foui-sidcd figuic, extending hoiizon- 
tally if the piism has too gicat a coiistanl angle, oi vcitically if its angle is loo small, but if 
the figuic IS ncuily a squaic, it maybe inade exactly so, tis noni as the eye can guess, by 
moving the lens a by the mieiomolei’s nick, and a(\)usting again loi vision by the telescope’s 
lack, then this position of the vcinici will give llic aigiiincnl foi an aj)pioMmcile nieusiiio, 
depending on the tabulated coiicaponding power of the telescope used Ihil, to icndci the 
obscivation pci foci, thoveinioi must now be moved giadiuilly lound the limb of the ciiclo, 
with its inclLided piisni, till the two pans of stai s uic bcoii m an exact stiaigiit line, in which 
situation it will indicate the complement of the angle made with the vcitical line, which is the 
distance moved ovci fiom the fust position *, and if the sides of the squaic wcic Uuly cslimaled 
to be equal to each othci, Ihicc stais only will now appotu , because the light hand stai will 
coincide with the image ol the left hand one } but if this is not exactly the case, a fiiilhci 
altciation of the place of lens a will make the coincidence pci loci, when good vision is lestoicd 
When the two stais which compose the double one luc noiuly of an equal magiuUide like tlio 
stais of Casloi, the poifect coiiicidcnco can bo judged of in a slalo of suporposilion j but when 
one of them is considciably sniallei than the olhci, as iii the case of Polaiis, a small motion 
given to the voinici alternately to the light and left, will show whotlici tlic small one tiansits 
the centic of the laige one oi not, when it does, the dukDicc and posilioii aio both liuly 
obtained at the same opciation , the labiilai arguinoiiL of the foiinci will be indicated on the 
scale of the tube, and the vci nici will give the ti no position of the lattei witnout tabulation. 
In obscivalions whcic thoic is a gieat diffeionce of the nppaicnt magnitudes of the twj3 stais, 
the position may be icad at the ingicss and cgicss of the sinallci stai mto and fiom the disc 
of the laige one, and the middle point will be the .'ingiilai measiuo of the central position. 
This method may be obseivcd in all cases whcie the distance between two given points is 
leqmicd to be mcasuicd, and the tables winch wc have computed will serve to illustrate it by 

suitable examples. 

5 When the length oi breadth of any small suifacc, such as the diameter of a \>UmU oi 
of a lunai spot> is jcquned to be mcasuicd, it must be taken foi giauLed, that both the images 
viewed aie piccisely of the same magniludc, winch they must ncccssauly be, fiom both be¬ 
coming distinctly visible at the same focal distance 5 in this case tho distance between the 
cential points of the two images is always equal to the length or breadth of the object inea-f 
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sured, accoiclingly as the contiaiy ends oi sides aie biought into exact contact. This is obvio 

in a cii cie which has two images touching one anoHiei at then cii cumfei cnees * the clistan 

between then centies is evidently the sum of then lachi, and as they aie equal to each oth 
this distance must be the measuie of a diainotei of cithei of them. When theiefoie tlieie u 
space between the two images of a planet oi othei body, when the two lenses aie biought in 
contact by the lack c, whcio the magnifying powei is a maximum, tlio prism has too latge 
constant angle, and a piism with a smallci angle must necossaiily be substituted, but, on t 
conLiaiy, when the limbs of the body oveilap with the smallest powei, oi when the lenses a 
lemoved to then gicatest clistauco fiom each othei, a piism with a laigci constant angle ma 
be applied Hence aiises the necessity oi liaving a set of pi isms with diifeicnl constant angh 
When the lenses aie at their mean distance fiom each othei, and the images aie ovcilappu 
01 sepaiating only by a small quantity, in goncial this quantity can be ieduced to nothing, 1 
a coiiespondiug alteiation in the magnifying power j foi an incieascof this powei, by cnhugii 
the discs, lessens the appalent distance between Uieu limbs, and the conliaiy, till an exa 
contact is obtained. 

6, This miciometei has two impoilanl advantages, common indeed to all doubic-imaj 
miciometeis, fiisl, that it icquiies no illumination, and secondly, lhat an object m moUc 
may have its dimensions usceibuncd in any diicction, as well as if it w'oro at lest. IL mu 
however be acknowledged, that it has, like most othois, some disadvantages, the change ■ 
magnifying powci duiing the obscivalion lequiios altcinato adjustments foi powci and fi 
distinct vision; the scale of powcis must bo tubulated foi the same eye lhat used the clynam 
tei fbi then dcleimmation, and as the eye altcis by ago, the table may lequuc some little co 
icciion on this account. When compaicd with Rodion’s micromctci, this mode of npplyiii 
the piism of double lefiaction makes moie pcifect images, which is mateiial iii making coirci 
measuiemenls; because in his mode of application the conveiging lays of light, which aic iendin 
to foim a good single image, pass thiongh an impcifect mateiial, when they pass tluough tl 
piism, befoie the iimigcs aic foimed, and the edges of the images aie fiequciitly less peifectl 
defined, than when a pcifect imago, made by a good telescope, is aflcnvaids icndoicd doubL 
by a subsequent passage tluough the piism} as is the case in the use of this iniciomcte 
Otherwise Rodion’s piincipio icqmics no change of magnifying powci foi obtaiuing U 
measLuo, and the scale is co-extonsivc with the focal length of the telescope. In both cot 
stuictions the double images aic soon in eveiy paitof the field of view , winch lendcis the 
use pleasant, though the measuie is most collect when taken as neai as may be to tlio cenli 
of the field of view, to avoid the effect of oblique incidence, winch will separate contiguoi 
images a little, when they aie viewed at cillici exticmity of the field. Anolhci advantage wine 
this iiuciometei has ovei Rochon’s is, that the accuiacy of a small angle measuied does nt 
depend on any adjustment foi jseio of the scale, and Iheiefoio is fiec fiom the influence of a 
index citoi. 

7. As this miciometei has not yet been biought into gcneial use, and is piobably bi 
little understood, though several, we leain, have lately been constiucted, we shall give tJ’ 
tabular values of two sets of prisms winch we have obtained, one li’icnch and the otht 
English, to be used with two separate teloscopos, of winch we have also computed the vaiiab 
powei s due to the respective vaiiable eyc-pieces which we have descubed, as contained in 01 
tlnid plate. The shoitei object glass is that which is now applied to Tioiighton’s thiee-fei 
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altitude and azimuth eh do, and the longei one is the one we have denoted by the numeial 5t 
in some of the pieceding tables. 

8 The method of using this raicioractei piactically will be best explained by a icfetcnce 
to the legislei, which we have found it convenient to adopt, accoiding to the subjoined plan, 
in which aie lecoided actual obsei vations, i educed by the following Tables i espoctively. 



OP OBSERVATIONS MADE BY THE OCULAR CRYSTAL MICROMETER WI'l’II THE 

PRENCII PRISMS 


Date 

Object 

TclesLOpo 

lyt 

ItUH 

Dihtance 
of IjflHOS 

Pi ISlIl 

Pos\(i 

Me asm e 

KiUliiks 

isn. 








I'l.AiN SLIDING Mirnoan inii 

Feb. 21 

Mais 


2 

4.8 

s 

9(3 ..5 

13''.57 

jf Good mcasuie of the vci- 
tical diameter. ; 

2(3 

Jupitei 


2 

100 

7 

74.7 

SI .46 

5 Diainelci in the ihiection 
) of the bolts. 


Ditto 

44 *5 

2 

80 

7 

83.1 

28 .27 

Shoitci or voi tical diamctor. 


Salui n’s lling 

44. .S 

2 

100 

7 

74.7 

si .45 

Long 01 diaraelerofthc iing, 


44 tS 

2 

86 

G 

80 .G 

iG .28 

Siioitor dinniolor of ditto. 


Saturn 

u .s 

2 

GO 

s 

91 -G 

14 .S2 

Body of Saturn. 

28 

Mais 

44 »5 

2 

4.0 

G 

99.9 

13.12 

The object-glass damp. 


Ditto 

44 *t5 

2 

4.0 

G 

99.9 

13.12 

fTho object-glass wiped; 

(Vision good. 

1 








1 

■ ■■ ■ V 1 1 W W AiHn WTV ^ 



Dale 

Objoct 

ToloHtopu 

Kyi 

lens 

Diatanec 
of LensoA 

Pi ism 

Powcii 

McH8mc>» 

, Ueiinik^ 









MicaoMiiTJui wiin a ciucli’ 

1826. 








AND HACK. 

Maich 20 

Jupiter ^ 

44 .5 

3 

19 

4 

53 .5 

44 .30 

Long diamctor. 

30 

Ditto 

44 .5 

8 

17 

4 . 

53 .8 

44 00 

Ditto 

Apiil 16 

Ditto 

44 *6 

3 

89.5 

8 

41 .5 

42.20 1 

Ditto, 1 


Ditto 

44 .5 

2 

144 

4 

.56 .2 

42 .27 i 

Ditto. 1 

24 

Ditto 

44 .5 

3 

82 

3 

42 .8 

41.02 

Ditto. 


Ditto 

44 ,5 

2 

140 

4 

57 .8 

41 01 

Ditto. 


Ditto 

44 4^ 

3 

58.5 

3 

46 .8 

37.42 , 

Shoi t diameter. 


Ditto 

44. .5 

4 

127 

4 

63 ,3 

37 .45 

Ditto, 


, Man 

76 .25 

4 

81.5 

2 

79 .45 

16.70 

Iloiizontal diametei. 

27 

Ditto 

76 25 

4 

110 

2 

72 

18.50 

Ditto. 


Ditto 

76.25 

4 

23 5 

3 

94 .55 

18.50 

Ditto, 

May 31 

Ditto 

76 .25 

4 

32 5 

3 

92 .2 

18.98 

Ditto. 

-- ■ 1 .. ■■ 

Ditto 

76 ,25 

3 

66.6 

4 

125 

18.96 

Ditto. 
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9. Though we have explained the metliod of computing the tabnlai powcis of a vaikblc 
eye-piece in sections VI and XXIII, when the data have been dctcimined by a dynamelci, 
agieeably to the duections given in section XI, yet it may be satisfactoiy to oiu icadeis to bo 
infoimed, what were the steps of oui piocess, by which we aiiived at the tabulai numbeis 
constituting the lespective senes of magnifying poweis, which we have computed as specimens 
of tabulation, that may be adopted foi the use of the ocular crystal miciomctei, applied to a 
telescope of any solar focus whatevei. Foi it is as necessaiy to have the variable magnifying 
powers of the telescope used coiiectly assigned, as it is to know the exact constant angles of 
the prisms made use of m the miciometei. The acciuacy of the lesulting incasuie is alike 
dependent on both. Aftci the explanations we have ah eady given in detail, the following 
statement will be deemed sufficient, 


Telescope 44,5 with Flam Mterometet . 

Lens 1. —= S33 = Pat 10 on the scale. 

.059 X % 

.. = 159 = Pat SO Ditto 

.0865 X 2 - 

Diffeieaces .... 74 70 

Then as 70 74.. 100 105.7, oi I 1.057 


Lens 2. 


9 . 7-5 

138 x2 


99.9 = P at 40 


= 57,9 = P at 140 
.238 X 2- 

Difference ...... 42 in 100 


Lens 3 


a 55 = Pat 10 


.25x2 
2 75 


.3655x2 
Diffeience . . . . 


= 38 = P at 110 
. 17 in 100 


Telescope 76 .25 with Cticular Mtcmnele), 


T 1 3 94< 

Lens I. —- 

.064 X 2 
3.24 
A)98x2 
Diffeience . . 


Lens 2. 


3 .24 

.093 X 2 

3.94 
.1365 X 2 


Lens 8. 


8.24 


253 =: 

Pat 10 on the scale 

: i05 = P at 110 Ditto 

. . 88 

in 100 

174 r 

: r at 10 

: 119 : 

= P at 110 

. . 55 

111 100 

= 151 

= P at 10 

: 105 

= P at 110 


.1075x2 
3.24 

I 11II II ■ I ■--- 

.154 X 2 

Diffeience.46 m 100 

Lens 4. =: 98 = P at 10 

.165 X 2 


3 24 


= 72 = P at 110 


.225 X 2 

Diffeience.26 in 100 


Fiom the poweis, and their differ ences in 100 divisions of each scale above dcteimmed, the inter¬ 
polations were made for every successive unit, as contained in the tables. The dividends 2 >7Si 
and 3.24 weie the apertures made use of, and the divisois aie the respective measuies taken 
by a dynameter, having a scale of exact fiftieths of an inch, which must therefoie be doubled, 
to convert tliem into decimal quantities of an inch, The magnifying powers aie taken to tlic 
neaiest unit, to accommodate the computation of the tables, but are sufficiently near the tiutb 
to give exact lesults, when the powei is not veiy small, 
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10 The cells containing the glass wedges* exhibited in figuics 7> 8 , and 9 of our Plate 
IV, will fit the same eyc-holcs which hold the piisins, lepieaented by fig. 10 of the same plate, 
and when thus applied to the veiniei«picce of the cyc-picce with vaiiable powers, may be used 
m piecisely the same way, and foi the same puiposos as the ciystals of double icfraction, when 
an eye cap with a small hole in the centio has so limited the point of sight, that the pupil of 
the ob^eivei’s eye is obliged to be bisected by the side of the wedge which divides the field of 
view, which position ensuies the appeal ance of double images. We had computed a table for 
the wedges a, h, and a + J when used as ocular ctmqfonn mieioinetois, but when the magni¬ 
fying powei which effects the measiuc is known fiom a table, sucli as wo have given in tlm 
section, niimbeied I and II, it will be sufficient foi the piuposc to divide by it the pioper 
constant angle 1523" 5, 2454j'', oi 8977 ". 5 , which aie tho angles duo to the respective wedges, 
when used in celestial obsei vations, instead of constiucliug a table. 



OBSERVATIONS 

MADTI WlTir 

THE GLASS WEDGES AND A VAMAULE EYE-PIECE 


r»nle 

Object 

T(Il 

senpe 

J yc 
lens 

Scule 

Tiiblt 

'Wetlgo 

1^0 wor 

M 0 Afitl 10< 

Hcinnrkiii 


JilpitOl 

'M 0 

2 

Hi 

II 

h 

■ 

1MC4" -t. 02 1 = SO" f> 1 

Tjotig Diametor 

Jiipitoi 

<14 T) 

2 

HQn 

II 

a \-h 

lUI^ 

8077' 6 — 100 8 = 80 71 

Ditto 


Jiijiilor 

70 25 

4 

^Hn 

I 

a 1 h 


,1077“ 6 — 100 4 = 80 01 

i>iLUJ 


Jupitci 

76 26 

D 

IID 

I 

a \-h 

urn D 

3077" 6 — 100 0 = ,10 42 

Mwni of llio four DO" 50 

Nov 2D 


44 6 

J 

IDl 

II 

a 

m> L 

1626“ 5 — 106 1 r= 14 61 

Dihliuieu liiiUvuentliu iitiUB ; 


RFi/ar 

76 26 

: 2 

ID 

I 

h 

1(10 u 

2464" UU) (1 =2 14 40 

■ ■ *«*%■>■* V ■ih ■ H# ■■waS.w- ft' 

Ripiui of tlio uui 1 r 4n j 


This tcgislei will requnc no explanation fuithei than a comparison of the niiinheis given 
m the fifth and eighth columns, with the Tables I. and TI, respectively, fi oin which those mini- 
bcis aie extiacted. The seven fiist columns, and the last, aie filled up at the lime of innking 
the obsci vations, but the eighth and ninth may be filled at any subsequent pciiod. The method 
of taking tlie angle of position is the same by the wedges as by tlio pnsms. In one respect 
the wedges of glass have tho advantage over tho piisms of crystal} the images aio more dis¬ 
tinctly defined, and aic fice fiom that discoloiiiation which the polaiisscd lays of the cxU’aordi- 
naiy 1 efiaction occasion, but this iccommendalion is countcrhahinccd by tho circumstance, 
that the images must be ncai tho stiaight diametrical edge of the wedge a oi b, or neai tho 
line of junction of a + 5, in oidcr to be both visible 5 if any obacivcr should, on Inal, picfcr 
the glass wedges, he may easily compute a table after the model of the following tables III 
and IV, when the constant angles aie pieviously dclcimined. 
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Tilfi MAGNlPyiNG- POWMS OF A VAaiABtli CELESTIAL EYE-PlECE, 


vrabH fdQA dtepAitATE Bye BENees, And a circI.e Poft Positions, t^BD with a teiascopb op m 

INCHES loCAli liENotll 




kcale 

Eyi -Ijt:nsi s 

Stale 

EYJl-LJkNSrS 


Eyi3-Ll NSI38 1 

r 

1 

1 

t ' ■ 

4 

1 

2 

1 ^ 

4 

2 

0 

1 

3 

a 

A 

70 3 
71) 1 

70 8 
70 6 
78 3 
78 0 

77 0 
77 6 
77 2 ' 
77 0 
70 7 
70 6 
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§ XL THE SPHERICAL CRYSm MICROMETER BY G DOLLOND CPlatb V J 

1 . Mr. Geoige Dolloiid dontuved a micioraetei of rock crystal, which differs m its construction 
fiom those we have descubed, piiiicipally in this icspect, that its foim is a sphcic instead of ii 
piism. His account of this coiitiivancc was icatl befoie the Royal Society of London on the 
Sdth of Janiiaiy 1821, and published in then volume of the same year. The spheie of crystal 
supplies the place of the eye-lens in the celestial oye-piece, which constitutes this micrometer} 
and consequently the difficulty of effecting the piopei section icquircd in a piism is avoided: 
the racasuie of any object is pioposcd to he taken by double images, pioduced by turning 
the spbeie about 45° lound its axis of motion, which axis lies at light angles to the axis of 
vision of the telescope, to which it is applied. An index with a vcinioi indicates the angle 
of icvolution passed ovei m tinning cithei to the light oi left fiom zeio, which is at the 
middle of the divided arc. When the ciyslal is giound and pohsiicd into a peifcct sphcic, 
and fixed m a bed foimed by two half holes, at the middle of the axis of motion, it is capable 
of being adjusted to any position, befoio the fixing screws make it fast, and when it is turned 
till its uatuial axis of foimation lies paiallcl to the axis of the telescope’s vision, theicwill 
be but one image of any distant object, and when the siihcic is once adjusted to this 
position, tlic index must be put to zcio of the divided aicj and then the images will gra¬ 
dually scpaiate, as the index cauics the sphoie lound, along witli the axis of motion, to winch 
they aie both attached, whelhei the duection bo to the light oi left, and this piopcity affoids 
the means of aiimhilating the index ciioi. 

® Ml. Bollond has constiucted foi oui use a miciomelci of tins dcscuplion, which wo have 
applied to an achiomatic telescope of 43 6 inches solai focal length, and 3 2 inches opeituicj 
which miuoineloi has also a divided ciiclc foi measiuing the position of any given line, as ilic- 
gards an hoiiisontal oi othei line. This micioinctei maybe moic intelligibly dcsciibed by a icfoi- 
ence to figiucs 5 and 6 ofoiii plate V, the foiinei of which jiioscnts a pcispcctivc view of tlie 
iniciometucal eye piece, and the lattoi exhibits a view of the intenoi pait of the tube, when the 
covering cap at the eye end is leinoved The piece of brass tube a, seen in fig. 5, is loosely 
suuounded by an indented wheel b, to winch a iing c cut into a coaise sciew is made fast, 
which img also suiiounds the tube a in the same maiinei, and scicws into the drawci of the 
telescope, by winch the wheel is held fast, to the outei end of the said tube a the siuiounding 
piece (1 IS sciewed fast, and caiiies two polences, one foi holding the giadualcd plate e, and 
the othei foi cai lying an opposite pinion and thumb-sciow, not seen, to act with the wheel h 
The axis which cauios the index bai pointing to the opposite ends of the giaduatcd plate e, 
passes diainctucally thiough the eje piece, as seen m fig C. and holds Iho ciyslal spheie/m 
its hollow bed, so that when the index is moved along the plane of the giadualed plate, this 
spheio levolves, and pioduccs the double images at diffeient distances fiom each oLhci, depend¬ 
ing paitly on the position of the index, and pailly on the magnifying powci of the telescope 
used. The eye-hole at g is vciy small, and close to the sphcic, and the diaphiagm hnuting 
the field is also coniiacted and close to its opposite side, to exclude the light not passing 
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through the spheie, which has a diameter of only iVoths of an inch, and consequently a veiy 
short focal distance. Fiom this dcsciiption it will bo pciceived, that when the concealed 
pinion, acting with the fixed wheel, is tinned by its milled head, the whole piece cj, winch bears 
it and the giaduatcd plate, must nocessaiily ievolve, caiiying with it the vcimei h and the 
tube a, as well as the said pUte and axis holding the spheie, which axis can theiofoie bo 
turned into any icquiicd position that an obscivation may icquiie, and this position will bo 
indicated by the vciniei, when its zeio is adjusted tor the honzonlaloi othei given line. 

S. To enlaigc the field of view, and to vaiy the magnifying power of (he telescope, a field 
lens IS scicwcd into the inteiioi end of anollici piece of tube /, which fils the tube a, and may be 
graduated into paits of an inch, to show the distances of tlie lens fiom the spheie, ^yhlch toge^ 
thei constitute the cyc-pieco In oui eye piece the scale on the innei lube t is an inch and a 
halfi divided into 15 paits, for so many dilfeienl magnilyiiig jioweis. The moasuies taken by 
the ciystal spheie vaiy inveiscly as the magnilying powois, so (hat the giaclualcil opposite aics 
have difi'eicnt values belonging (o each scpaialo magnifying powei, and the insliunioiiL is capa¬ 
ble of taking 45 x 1.5, oi C)'J5 diflbicnt mcasuics on ouch side ol /eio, without subdividing the 
spaces of eilhei the sc.dc of powcis oi of the luc ol moasiuos. 

4. As the ciystal of double lefiaction is foimcd into a spheie, wc found it no easy matloi to 
asccitam its constant angle, which indeed could not bo done by any of the methods appUcabiolO 
a piism with flat faces, which admits of being applied to the eye, in viewing a distant object} but, 
by icveising one of the opciations, wc at length succeeded, When a small 'black cuculai disc was 
placed on a white giomul at (i2‘2 yaids distance, and the niiciomcliical cye-piocc applied to the 
telescope alieady specified, with the index at i.5'’, we found that the opposite limbs of the black 
disc came into contact when the iniici tube i was icinovcd fiom its home position a cci Lain dis¬ 
tance, at which the magnifying powei was foiiiul by a good dynainelei to be l.T/ .5, the eye¬ 
piece was then applied to a smalloi telescope of (10 .5 inches focal length (No, l.)and (he same 
black disc was exactly mcasuicd by it, when its powei was found to bo 1(J7« the disc itself was 
next mcasiiiod fiom the same station by a 'J’loughton’s luiciomcloi with a huge lolebcqpc 
(No. .5.), and its diamctei was dclerimncd to be 9”.99=:c, wluch mousuicmulliphcdbythemoan 
povwci,,gavc IQSD" neaily foi the constant angle C r: P c XXXVITT. 14) 'J’hc following 
table contains (lie jinagnifying powois of the telosoopc' 43 .0, oblnmcd at the 1,5 positions of the 
field-lens, and the coiicsponding gicatcst angles wluch the crystal spheie will moasiuo, wluch 
must 1)0 at lihe position 45®, aic obtained by dividing the constant 1289“ successively byitlic 
lespccUvo powers, dcteimined by a dynainotci in the oidiimiy way, and,luuvngod in column 
2 , epposdte (he loijpcctive.positions of the ninci lube coiiUuned in column 1, wluch ipositiooa 
indicate the distance of the ficld-lcns fiom the sphcic of crystal. 
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5^ THE TABLE OF POWERS 

AND CORRESPONDING GREATEST VALUES OP THE ANGULAR MEASURE OP THE SPHERE 

WITH A TELESCOPE OP 43 6 INCHES POCAL LENGTH ^ 


6, We have said that the seconds contained m the third 
column aie those winch belong to the coiiesiiondnig mag- 
iiifymg poweis, when the index on the giadiiatcd platepointa 
to 45®, but as this index is earned towaids zeio, the quan¬ 
tity giadually diminishes, till the double images coincide m 
one at the point zeio • each maximum value, heic given, is 
theiefoie the basis of a new ciicular scale of giaduations, 
and the 15 positions of tlic field-lens admit of 15 such 
scales, all diffeung in value fiom one anothoi. 

7. Ml. Dollond seems to have been awaie of the great 
vaiiety of raeasuies which Ins miciometcr is capable of taking, 
but has not given any diiections cithoi how the constant 
angle of the ciystal, foiming the sphoic, may be ascer¬ 
tained, 01 how to find by what law the measuics taken by 
the cnciilai giaduations of the plate vaiy. In a convcisa- 
tion which we had with him on the subject, he seemed pei- 
suaded, that the me is a scale of equal paits, which opinion 

IS not founded on any tlieoiy oi cxpeiimcnt, but taken for 
granted, though it is opposed by the expeiimcnts of Di. Ma&kclyne, llochon, and Boscovicli, 
winch induced them to adopt a stiaiglit scale having the desuable property of aflbiding mea- 
suies piopoitionate to the equal spaces passed ovoi. 

8. Ihc focal distance of the field lens is about tliice inches, and to delciminc the exact 
focal distance of the sphere of double lefiaction, we lemoved the field-lens, and applied it 
singly to the eye-piecc, and found the magnifying powei of the telescope, adjusted foi a distant 

object, just 202 , and as wc knew its solai focal length to bo 43 .6 inches we had =3 

* 202 ”* 

0 215 foi the focal length of the sphcicj winch dcteimination agi 00 s with the theoiy, by 
giving the focal point, with paiallcl lays, at one half the laduis of ciuvature from the face of 

the spheie foi if wc put the radius = ~ H, and add . 07 , wo shall have 21 , veiy 

neaily as we determined by our expeiiment and m this way the focal distance of any small 
lens may be dctei mined by an object-glass of known focal length 

9. Oui next object was to contiive some method of asceitaimng, cxpenmoiitally, whetlier 
01 nottho giaduated aicwill give measmes piopoitioned to the number of divisions passed 
over y the double index, v^hen earned foiwaids oi backwaids fiom zero, where the imago 
ought to be single , but we found, on tnal, an index-erior m tenestiial measures of 3^ dm- 
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sioiis. Pol this puiposc, a caul was placed voitically at eighty-six reel liom the object-end of 
ihe telescope, on which wcie inscitcd seven small loinid dots of ink, at exactly one tentli of 
an inch fiom each othei, and, when the micioincter was applied, the fickllens was so pushed 
in by degiecs, while the index stood at 45" on the aic, that the six spaces of one tenth of an 
inch cacli, wcie made to appeal thiitccn, included within double the niunbei of dots, and the 
expciimcnt was, to make all the thiilccn inteivals appaicnlly equal to one another, of which 
the eye could easily judge, when the spaces weic so small as one-twcnticth of an inch. This 
etfecl took place at the position oI“ the lens 0.05, wlicio, by oui Talilc, the inoasme taken by 
piopoition IS 9“.901, which may be consideied as the tiuc moasiuc subtended by one-twcnlieth 
of an inch, when the magnifying powei was 130.2. Now as a laigci powci than tins would 
not mcasuio so small an angle, wc had only fivc'othci positions of the inner tube, fioin 1.0 
to 1 4 inclusive, in which the innei tube could be pul, to lotain its place, and as they all affoul 
measincs exceeding 9" 901, at the position 45“ on the aic, thoio must ncccssaiily he a division 
on the aic, at some point of it, winch will give a moasuio of 9“ 901 at each of the five positions 
of the lens, oiii business was to put tbo dots into the same lelalive situations, lo make equal 
mtcivals of oiic-lwcntioth of an inch, at each of those five positions of the lens, by simply 
moving the index Aom 45" towaids zaio, at each side of it, till this appeoianco look place, and 
then to legislci the degrees lespcctivcly pointed lo by Iho index. Tho subjoined i egislci of 
veiy caicful obscivalions will show the icstill. 
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45 
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11 .96 
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45 
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In this icgistei, the fust column shows the place of the Acid Ions at each successive observation, 
the second shows the position of the index couesponcling lo the gicalest moasiuc given, in the 
thiul column, tho foinlh column contains the degrees indicated on the divided aic, when the 
dots wcie equally distiibuted lo foim inteivals of one-twenticth of an inch, and the last column 
gives the piopoitional measure foi such indication, thus, at the place 1.0 wc have 45®. 
10" 15 : 4S°.5 9"i.58, and in like mannci tho other numbers in the sixth column were obtained, 
which should have been all alike, viz. 9".9 veiy ncaily, if the scale of the aic indicated equal 
diffeicnees in the measures, as the constiiicUon supposes. But iL appeals that tlio error in the 
measuic incieases with the decieasc of the aic indicated, and the contraiy, foi which impei- 
fection we see no remedy 

10, At a time when the diametei of the planet Mais was about 9" wc attempted lo mea- 
suie it by this micioinetei, but its limbs were so impcifcctly defined, that no satisfactoiy ohsei- 
vation could be made When the telescope is veiy good, and the crystal fiec Aom specks, wc 
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have no doubt, but that the two images of a laige star may be bellei defined j yet wlule the 
natuie of the scale of measiuemont leraains unknown, obscivations of thou appaiont diainetois, 
taken by this miciomctei, can affoid no salisfacloiy lesulls 

11, Fiom the examination, howevei, which we have given of Lius ciystal spheie, wo per¬ 
ceive that it may be substituted, in a celestial eye-piece with variable poweis, such as we have 
used and desciibed, foi both the eyc-iens and achiomatic piisin, since it will pcifoiin the office 
of both at the same tunc, and in its dificient fixed positions may also answoi the puiposo of 
seveial successive piisms, piovided that the vision of'the telescope can be made good, because 
the plane, wlicic the piopci section ought to bo made to pioduce double lofi action, by levoivnig 
on an axis, takes a succession of oblique positions, coiiesponding to asmaiiy pusms of diflbicnt 
lefiacting angles. 

IS Since the pieccding pait of tins section was wiitten, we have availed ouiselves of an 
oppoitunity of obseiving the polc-stai, with the spherical miciomctei applied to the telescope 
for which the two Tables weie computed, and though this stai was not very well defined, yet 
we found the measuies of its diametei, taken with a diminished apcituie, to the light and lofl 
of zeio, con esponding with one anothoi moie exactly than wo expected, when i educed on n 
supposition of the aic of 45° giving measuies piopoitional to the angle passed ovei fiom /oro 
The index-eiioi was found much gicatci than in oiu teucstual measnies, and the obseivations, 
we find, leqtnie to be made at the ceiitie of the field of view, to agioc with one another} for 
when a good contact was piocluccd at the centic of the field, the two images lan into one at 
the light hand side of the field, and separated consuleiably when viewed at the lelt side. The 
subjoined observations, taken with much caie, andiepeatcd, will sliow the iniccilamty of the 
indcx-eiior, at as piopei an adjustment foi vision as the eye could judge of, as well as the 
unexpected concspondencc of foui diffeient obseivalions, taken at difibicnt positions of the 
field lens, and consequently with as many diffeient magnifying powcis t viz, 

onscnVATIONS of she DUMES'EU op POLARIS. 
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If we could venture to alfiitn, that the mean of the measuies above given is the correct mea* 
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siiic of the diametei of PolauSj we should iccommcnd the sphoucal ciystal raiciometei as a 
veiy convenient instiumentfoi mcasuung the duuncLcis of the laigei stais, but as small stais 
aic not visible thiough it, its application would be limited to the foui oi live magnitudes of the 
piincipal stais, in some of winch it might detect a vaiiation of the disc, when moasiued at distant 
inteivals by tlie same eye, with the same telescope, and at the ccntie of the field of view But 
we aie disposed to infoi, that the similaiity of the foiu measures, above exlnbilcd, may be 
attiibiited in some dcgiee to the smallness of the aics used, as they have lofeicnco to the vcio 
point, whole one image only is seen. With out Picnch piisin 1, and a magnifying power of 
99 -G, with lens 1 at the position 41, the same telescope gave a mcasuic = V'/'/d j but the 
contact appealed somewhat too close, as if the images wcio flattened by piessmc against one 
anothci. Wo shall be happy to see the imtiiic of the scale pioposcd by Mi. Dolloml moic 
fully developed, which wo may bo able to do by future obsoivalioiis made on diflcicnt paits ol 
the aic of moasuics, and compared with each othei. 


§ XLI DR BREWSTER’S PA’l'ENT MICJlOMlO'rRICAL TELESCOPE CPm-it. II ] 


1 InDi.liicmiQi’H Tteatiso on noxs PMoso^tical Inst) wnenls, the ingenious author has ex¬ 
plained a vaiioty of conliivancos by moans of which a good telescope may bo rendered rai- 
cioinctiical, some of which may bo made useful in piactical astionoiny, though the use foi 
which ho has piiucipally adapted them is to mcusuic distances. The instiumcnt foi which he 
took out a patent is made by the Tullcys, and sold by Ilaiiis, inathcmalic.il nistiumenl-makoi, 
of Ilolboin, London , and may bo used cithei as a single-image oi doublc-nnage micioinctci, 
in taking the measiuo ol small angles subtended by lines of known dimensions, either in naval, 
inihUuy, oi gcodctical opoialions. The telescope to answci these puiposcs is made of a. porta¬ 
ble si/o for the pocket, with sliding lubes and without a .siaiid, as icprcscntcd by fig. 10. of oui 
Plate n which IS a longitudinal section of all the paits in a slate foi use. Wo will flist de- 
sctibc the instuimenl as constinoted on its ouliiiaiy diincnsioiiH, and then show how an cn- 
laigeinent of its tube, and some allciation in the piopoilions of the optical pails, will convcit 
it into an asUonoinical microinctci, that may be useful lot some puiposes, 

2 The punciple of the instiumcnt used as a singlc-unagc iniciomotcr, and which had 
been pieviously applied by llomoi and Dc U Hire, is that of intioducing two 3C])aiato object- 
glasses, capable of being scpaiatcd by mechanical means, and of thus occasioning .a change of 
miignifying pow(iis, with a coiiesponding scale of measures to he obtained bysnnple inspec¬ 
tion The authoi has pioved, both fioin thcoiy and by compulations, that the scale of mea¬ 
sures, depending on the distance between the sepaiatod object-glasses, is a scale of equal pails j 
and thcicfoie the length of the telcsoopo, as in the constuictions of Di. Maskelyne and 
ilochon, may be giaduated into equal divisions, os far as the scpaiation extends. In Di. 
Biewsier’s scale howcvoi thcic is no zcio, and the exticinitics of the scale must have the va¬ 
lues of the measuies, taken at those points, determined e\pcumcntally. It will he sufficient 



oiu puiposc to lecui to our foimuLa 
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foi finding 


(p, the focal length of a single 
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lens, winch js equivalent to the compound focal length of two lenses, in clilToi ent states of sepa- 
latloii (§ VI. 2 ) when used as an eye piece, the same foi mula will give us the focal length 
of a lens winch is equivalent to two object-glasses, ol which the sepaiatc focal lengths aic le- 

spectively i^and^ and d the distance between them , but ~ « P is the magnifying powei 

T 


of the telescope, and when ® is invaiiable, and f vanable,the distance between the lenses, 
affoids a scale of equal paits foi the jjowM, but when (p is invauable and 0 vanablo, because 
the moasuies me tnvetselj/ as the poweis, the distance d affoids an equal scale of measures, 
Herice a vaiiationm the magnifying poweis, occasioned by a sepaiation of the object glasses, 
lequiies no values lo be tabulated, but gives the scale of ineasiuos at once, and on this account 
would be a moie convenient pnnciple than that winch depends on a separation of the lenses of 
an eye piece, if m piactice a sufficient sepaiation of the two object glasses could be as well 
effected, without inteifcimg with the adjustment foi good vision, and then ladii of ciuvatiiie 
pioportionecl to measiuo very small angles 

3. In oui instiumcnt the cxteinal lube A is 10 .G inches long, the nevt, niaiked P, is 
7 .93, the thncl or C, also 7 *93, and the fouitli, Z>, containing the foiu lenses of the eyo-picce, 
IS 5 .85 The fixed object-glass has a focal length of 18 .€5, and a diatuoloi of 1.9 inches, but 
the moveable one, which sciews into the end of tube C, next the object-end, has a focal length 
of IS .8, and a diamctei of 1.4 inches, they aie.both achiomatic. When the tubes B and C 
aic both pushed iiomc, and the cyc-tube JD diawii out as fai as it will go, Llic two object-glasses 
arc then m contact, oi veiy ncaily so, and a distant object is visible undei the smallest magni¬ 
fying powei, the compound focal distance ‘P, being then a miuiimiin, vi/ accoidmgto one foi- 

mula . ^ =7 .8G inches only, but when both the tubes B and C nio 

18 .25-t-13,8-0 32 05 ’ 

drawn out to then full extent, and the eye-tube pushed homo, a distant object becomes visible 

undei the giealcst powei, the compound focal distance ® being then a inaximum, vus. 


251.85 

32.05-15 86 


251.85 
'16 19 



In the foimcr position, which constitutes one end of tlio 


scale, 217-6 aie indicated, and the lattei position indicates only 110’, but the piodiict of the 
measLUc by the focal length is the same in both cases, viz. 217*Gx7*8G=:1710.S3G, niul 
110 X 15 .55=;1710.5, and as the distance between the two opposite ends of the two tubes, 
B and 0, is 15,86 inches, this length of scale must be divided into 107 <15 equal spaces 


(117 6—110) and each inch ought to contain veiy neaily 7 mtcivals 



m the inch, 


which wo find to be actually the case. These divisions of one-seveuth of an inch affoid a scale 
for vaiiations of single minutes, oi of 30 when subdivided into two. 

4'. When the tubes B and C aie both at home, the tube C must be diawn out fiist, foi the 
scale engiaved on it is indicated by the end of the smiounding tube B, fiom 217 6 W iG3’.5j 
aftei which lube B must be gradually diawn out, and its divisions fiom lC3'.5 to 110' will be 
indicated by the end of its smiounding tube A. The ]m.ige of the body thus moasiued is rc- 
feiiedto two pointed conical pms piojectingfiom the opposite sides of the eyepiece at its 
focus, and when the distance between the said points just includes the body measuied, the 
magnifying power of the telescope is exactly suited foi the obsei vation j but if the body appears 
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too small to fill the whole distance between the fixed points, the telescope must be elongated, 
by di awing out tube C as fai as it will move, if nocessai y, and thou tube B also to complete the 
measiuc, dining wliicli ojieuition the eye tube will lequiic to be adjusted foi vision, at evoiy 
new adjustment of the distance between the object-glasses 5 which is the gicatest inconvenience 
in U'.nig the insti ument Besides the two melalhc points, theio aic a pair of paiallcl wiics 
stictched acioss the field of view, whicli, being placed at half the distance scpaiating the 
points, may be used with the same scale, by talcing one half only of the quantity mihcated 
Small as the poweis of this instiumenl aic, used in tins mannci, it may bo advantageously ap¬ 
plied to measuio tlie distances of a cornel fioin two known stais, that may appeal* 111 the same 
huge field of view, winch this telescope supplies. Dt. Biowstoi has dcnommalod this instui- 
menl a nm xvitemio omcici, and liom om dcscuptioii it is obvious, that when the focal length ol 
the puncipal object-glass is considciable, a second object-glass may he made I 0 slide foi a foot 
01 more, neai the eye-end, with its focal length so piopoilionctl, that a scale of divisions may 
measme to giqat acciuacy, piovidcd a well divided disc of glass, like that 111 oin PonYMPTuir 
MiciiOMrriii, wcic biibstiluted foi the points 01 wncs, and piopeily illummated. When the 
moveable object-glass has conipauUivcly a shotl focal ilistaiico, the value of the scale will vaiy 
inoic lapidly than when it is ncaily of the same length as that of the puncipal objoci glass, and 
when Its length exceeds that of the fixed glass, the divisions of the scale will be oiilaigeil, and 
may be so much incicascd, as to indicate smallci diflbrcncos than the ciiois of observation. 

5. The aiithoi has computed that, when the fixed object-glass has a focal length of Ofi 
inches, and a distance between the paiallcl wncs, such as will nieasino Q6‘ with a powei of i<0, 
a dunmntion to 80 will measme 3d'' 40", and also if a moveable object-glass of longci foc.al dis¬ 
tance bo used, such as will loducc a powei of 40, mcasining 50', to 35 only, mcasimng 
33' 9", m the foimci case a scale of 10 inches will moasuic 8 ' 40" (.34' 40"—20'), and m the 
lattei only 4' 9" (33' 9"—29'), and one minute will bo measiiicdby 1,15 and 2.41 inches le- 
spcctively. Eithoi of these const luctions would hopiopei for incasuuiig the diamcLm of the 
sun 01 moon, but pai ticukuly the hittoi. As an example foi making a scale of 10 inches mca- 
siuc single seconds, by spaces of an inch to the second, let a telescope bo taken which magnifies 
300 tunes, with two paiallcl hues which will include 40" with such powei j and let the 1 educed 
powei be 240 occasioned by a sepal ation of the two object-glasses equal to 10 inches} then 
the eoiiosponding measme will be 50", foi 300 x 40=12000, and likewise 240 x 50=12000, 

0 . This method of nioieasing 01 diminishing the magnifying powei of a telescope, we 
aie pciBuaded, would afibul a veiy convenient scale of measwos foi an ocular ciystal nu- 
ciomctei, though we have not yet had an oppoitumty of tiying it. The method of deter¬ 
mining the angle subtended by any body, at eacli extiomc point of the scale, will require no 
fmthei explanation than what we have already given. (§ XX 8 , 9.) 

7 We may now piocecd to dcsciibo the vauation made 111 this miciomctucal telescope, 
when it measiucs by means of double images. The method of doing this we hoheve to be 
ouginal, it consists in substituting a divided achiomatic object-glass for tlie entiic one we 
have doscabod, with the ccntics of the two halves icmovod fiom each other and peimanenlly 
fixed, as seen in figiuc 12 of the plate above rofciied to j and again edgewise in figiiie 12 , to 
show the screw which attaches it to the innei end of tube c, when the othei moveable object glass 
IS leinoved In all other lespects the telescope icmains as we have dosciibcd itj and the two 
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graduated scales, lying paiallel to the tubes, aie those which belong to the icspective moveable 
object-glasses, the one next the tubes being the one used with the entue object-glass, and the 
lemote one, which has the degiee subdivided into tlnec paits, belongs to the one winch is 
divided they both extend along the tubes JS and C without iiilciiuption, except what is oe 
casioced by the inteiposition of the milled iing at the outei end of lube ii, which is not 
counted. The measiuc on the second scale, belonging to the divided object-glass, begins with 

63 0 

ir.5 and ends with 75*, so that the space foi each minute is . ^ 01 veiy ncaily foui in the 

15 *oO 


inch, and each subdivision shows 20", 01 by tlic estimation of half a subdivision 10". The 
focal length of ibis divided object-glass is about ,S5 of an inch shoitei than that of the ontuo 
glass, giving a somewhat gicatei vaiiation of magnifying powci than the ioiinei one, but the 
distance at which the centies of the half lenses aie fixed, icgulatos the total (luanlity of the 
measiue, while the change of magnifying powei incieases 01 diminishes it, till a contact of 
the two images of tho object of obseivation shows that the moasmo is exact. In this scale 
also theie is no zeio, when a teuestiial eye-piccc is used, and in botli consfiucUons the accu- 
lacy of the scale will depend on the coiiectness with winch tho values of its cxticinc points 
weie in the first instance dctci mined. Like all otlici doublc-unago miciometcis, this divided 
object-glass lequucs no illumination, noi subjects tho obsoivei to any inconvenience aiising 
flora an appaiont motion of the body obscivcd If the telescope had a Ituge apeitiuo, and a 
long focal distance, this method of measinmg by double-images might become an useful sub 
stiluto fbi those whicli aic taken by the application of ciystals of double icfiaclion, when the 
angle is not very small. "We have succeeded m measinmg the diaractcis of the sun and moon 
with one divided glass within a few seconds, notwithstanding the smallness of the telescope’s 
powoi, which vanes fiom about seven to foiuteen. In this lattei consUaction the metallic 
points aie of no use, and the wiies scive only to show the middle of the field of view, near 
which the double images should always be situated m an obseivation. 

8 With icspect to the thcoiy of the sliding semi lenses, if wo conceive them to be m 
contact with the pimcipal object-glass, and two pai,illcl pencils of light passing thiough tins 
glass, and then falling, in then lefiacled dnection, on the centies of the two scmi lenses le 
spectively, they will pioceed m the same stiaigbt lines without fiuthci icfi action, till they cioss 
one another in a point j), m the axis of the telescope’s vision, and the distance between the 
centies of the semi lenses, which distance we will call is the subtense of the angle foiincd 
at the said point f , then as each pencil aflei ciossmg will come to a focus and foim an inveited 
linage, the length of this image will also be a subtense to the same angle at p, but longei than 
3, inasmuch as die distance of the puncipal focus, F, of the fixed object-glass, fiom the point 
p, IS gieatei than the distance of the line $ fioin tho same point, but this lattei subtense is 
the mcasuio of the angle atjp, which wo will call v, then if we denominate the shoitci dis 
tahee </, and the longei distance 5, we shall have the following analogy, as w ^ 5 . «» again, 


ifwe call the focallengthofthe semi-lenses^ we shall have 0 = andlheiefoic as o ^ i : 

n ^ f 

J consequently ^ ^ fiom which foimula, we may compute the diffeiont amounts 





DR BREWSTER’S PATENT MICROMETRICAL TELESCOPE 


230 


ol V at equal vaiiatioiis of Z), and show the natme of the scab, thus, suppose/= 10, 5=2, anti 
b=l, 2, 3, &c. successively, we shall then have 

10 

10 

v~2 + —- =2.0 

10 


Itoin which it IS evident, that the values of the ineasiucs taken between the ccnlics of two 
images seen in the field of view, aie piopoitionate to the spaces, b, b', b“ passed ovoi. Poi as 
the sorai-Ienses lecodc fioin the piincipal object-glass, the point ji of ciossiiig also leccdcs, anti 
the angle subtended theie diminishes, till the said point coincides with i'’, wlieic the images will 
unite in one. When the point of ciossiiig of the pencils, coining fiom the diflercnt semi- 
Icnscs, coincides with the compound focal point cp of the two objcct-glassos at any tune, the 
two linages will loiicb, and this is the situation that gives the tiuo mcasuic.' 

9 The length of the scab between the cxticmo angulai inoasiucs depends cntuely on 
the focal length of the seini-bnses, but the value of tho smallest angle is logulatcd by the dis- 
tance between then ccntios. each of these may bo dctciinmod by computation. If we lake 
J ns the focal length of tho scmi-bnscs, and b then distance fiom Ft the piincipal focus of the 
fixed object-glass, when the object-glass and scmi-lcnses aic m contact, h is then equal to the 


F r 

piincipal focal length of the foiinoi, and wc have = ^ the focal length of the coinhinctl 

J< Vj 

glasses. Let us suppose tho focal length, Ft o( the pi incipal object-glass of a telescope to be 
just thiity inches, and bt it be requued to find such a focal length foi the sciiu-buscs, that the 
cxtiemc angulai mcasiites of the scab may be to oneanolhoi in fho intio 2'!' • 0, since the an- 
giilai mcasuics aio to each otlicnnvciaolyas the compound focal lengths ‘I> and flJ'icspoctively, 
we have 24' 0.. 30 • 7 -5, so that 7 inches must ho the length of when <[> is 24 j now 


the Ibi inula 


LL 

F^f 


becomes by i eduction f 


01- 




/’H-cp 


winch 111 oui example 


7.5 X SO 

IS f— ^ =510 In tho next place a value must be assigned to the smallest angulai 

Uvf 


racasuie, which wc will call «, and ns J, tho distance of the contics of the scmi-Icnses, sub¬ 
tends the angulai mcasnic belonging to the point jp when it coincides with 0', at 7 inches 


fiom the scmi-Ionses, we have 

rad. 

gnlar measine, we have this opeiation; viz. 

Log. 7.5. 

Log. tan. 25'.... 


then assuming 50' for », the smallest an- 
. 0.8750618 

. 7.8616739 


I Js0.054542.. 8 .7367351 

and ^=0.109084 of an inch, taken for the distance of the semi-Ienses, will fulfil tlie condi¬ 
tion, The gicatest angulai mcasuie may now be found tliusj 

C ; 24 .; 50' 200' = 3° 20'. 
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If 50" had beon chosen instead of 50', the conespondmg distance of the ccnties, computed m 
the same iimnnei, would have been only .001818, which quantity is too small loi piactical 
adjustment, and tlieiefoio, when vciy small angles lequiie to be nieasiued, this con&tiuclion 
will not be competent to the opciation, though it may affoid a scale of laiae measiucs 
diffeiing fiom each othei by vciy small quantities, even by less than single seconds. 

10. Di. Biewstei has shown that a Gicgonan oi Cassegiainian telescope m.iy have its 
powei mcieased by means of an enlaiged eye-tube diawmg out to diffeicnt distances flora the 
small speculum, and a divided scale placed at the focus of the ouiot lens might thus bo made 
polymetuc. 


I ■ 1 





BUMOCULAR MICROBIETEIIS, 


§ XLII THE LAMP MICROMETER BY SIR WILLIAM IIER.SOIIEL [Plati XIII] 

1, The thud class of raiciometcis which we pioposed to clesciibe is that which icqimos the use 
ofboth eyes in taking the mcasinc, and is theiefoic called hmcukv, Miciomotcis of tins kind 
owed theu' invention to the dilHculty of measming the distance between two stais, when 
one of them is so small, that it becomes invisible with the sm.illcst illumination capable of 
lendeiing the wiios of a common iniciometoi visible enough foi useful obsci vatioiis, Sii Wil 
liaiti Ileischel was piobably the fiisi astioiiomci who made a successful use of a contiivance of 
this kind, when he was piosecuting his iminonso uudeitalcing of incasiiiing the angular dis 
tanccs between the cliflei out pans of double stais, as well as of tuple and qiiadiuple ones, which, 
with his poweiful telescopes, he obscived in vaiious parts of the celestial expanse. lie had 
leason to be dissatisfied with lus who, oi silken lliieacl miciomctci on vaiious accounts, which 
he has enuraeiated unclei the five following heads 

2. In the first place, when two stais woio included within lus lines, then diametcis 
would vaiy with difiPoicnt telescopes as much as 2", and then spuiious di.imetois would 
often change, even with the same telescope, accoidrag to the state of the air, and length of 
time occupied in viewing them with so high a powci as 927 > secondly, the deflection of light 
incident on the wncs, pieventqdtho stais, oi at least one of them, fioin passing exactly along 
die wiie, thiiclly, theie was much unccitainty about the ze\o of the miciometci, depending on 
the quantity and duection of light, and also on the change of position of the wucs, foiiithly, 
the sciew oi laclc-woik cannot be made peifect, and an eiiot of a single thousandth of an 
inch m the measuie of a disc oi angulai distance, may cau.se an ciioi of seveial seconds in 
using most instiuments, but fifthly, the greatest impeifection of all was, that the light nccessaiy 
foi illuminating the wiies, made small slais entuely disappcai. 
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8. To leinedy these inconveniences, the inventive poweis of this skilful searchei of the 
stariy legions pioduced the lamp micrometer, which foitns the subject of our picsent section, 
the consti notion and use of winch we cannot bctlei desciibc, than by giving an abudgment of 
his own papci, published in the 72nd volume of The Philosophical Tiansactions of London 
(1782), and by using his own woids as fai as an abudgment will allow. The lepresentation 
of the instillment is that given in oui fiist figure of Plate XIII, in which we have lotained the 
authoi’s letteis of refeicnce, in oidei to have the benefit of his own dcsciiption, "When he 
had applied the amaxing powoi of 8168 to his sevon-feet Newtonian telescope, he obltunod a 
scale of measiiicmcnt of ten inches foi the disUnce between the two contiguous stars of a 
Geminoi’um, and this expeiiincnt pointed out to him the method of constiucting a new micio- 
inetei, which should be fiee fioin the impcifoctions of the wiio iniciometci 5 the construction 
of which he thus desci ibcd. 

4. ‘‘ABGCFE IS a stand nine feet high, upon which a seinichciilai boaid qhogp is 
moveable upwaids and downwauls m themannci of some fiic-sciccns, as occasion mayicqiuie, 
and is held m its situation by a peg p put into any one of the holes of the iipiight piece A B 
This board is a segment of a ciiclo of 14 niches ladius, and is about thieo inches bioadei than 
a scmiciicle, to give 100111 foi the handles rD, eP to woik, Tho use of this boaid is to cany 
an aim L, thiity inches long, which is made to move upon a pivot at the centre of the ciicle 
by means of a stung, which passes in a groove upon the edge of the semicircle pgohq\ the 
stung IS fastened to a hook at 0 at the back of Ihe aim L (not scon), and passing along the 
groove fiom oh to q, is tuincd ovci a pulley at q, and goes down to a small baircl e, witliin 
the plane of tho cuculai boaid, wheic a double-jointed handle, eP, commands its motion. 
By tins contiivaiico wo see the aim L may be lilted up to any altitude fiom tho hoii^sontal 
position to tho peipendiculai, or be sullcied to descend by Us own weight below tho lioii/.ontal 
to the icvcise pcrpendictilai situation. The woiglit of the handle P is suflicicut to keep the 
arm 111 any given position; but,if the motion should be too easy, a fiiction spnng applied to 
the baiielwill modciate it at plcasine. Infiont of the aim La small slulci, about thicc 
inches long, is moveable in a rabbet fiom the end L towards tho contio, backwauls and foi- 
wauls A stimg is fastened to the loft side of the little slidei, and goes lowaids L, wlicte it 
passes loiind a pulley at m, and ictiuus undci the mm fiom M?i, lowaids llie ccntie, whoio it 
IS led m a gioove on the edge of the aim, which is of a ciiculai foim, upwaids to a baiiol, 
laised above the plane of the cncuhu board at 1, to wincli tho handle > J) is fastened. 
A second stung is fastened I0 the shdei, at tho light side, niid goes towai ds the centre, 
whcic it passes ovci a pulley w, and tho weight w, winch is suspended by the end of this 
stung, leluins the slidci towauls the ccntie, when a contiaiy tuin of the handle pcimits it 
to act, a and b aic two small lamps, two inches high, one and a Iialf m bieadth, by one and a 
quaitei in depth. The sides, back, and lop aic made so as to pcunit no hglil to bo seen, and 
the front consists of a tiun biass sliding door. TIio flame m the lamp a is placed iVths of an 
inch flora the left side, ^lyths fiom the fiont, mid \ an inch fiom the bottom. In tho lamp h 
it is placed at the same height and distance, mcasnung fiom the ught side. The wick of the 
flame consists of a single veiy thin lamp cotton tluead, foi tho smallest flame being sufficient, 
it is easier 1|0 keep it burning in so confined a place. In the top of each lamp must be a little 
«lit, lengthways, and also a small opening m one side near the uppei part, to permit an enough 
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to ciiculate to feed the flame. To pievent eveiy reflection of light, the side oponing of the 
lamp a should be to the light, and that of the lamp b to the left, In tho sliding clooi of eaqlj 
lamp 18 made a small hole with the point of a very fine needle, just opposite the phveo whcie the 
wioks aie burning, so that when the sliders aie shut down, and eveiy thing claik, nothing ahall 
be seen but two fine lucid points of the si^e of two stais of the thud oi fbinth nmgmtiKlc. Thg^ 
lamp a is placed so that its lucid point may be in the cpnlic of the ciicnlar boaicl, wheie jt 
remains fi\ed The lamp b is hung to the little slidci which moves m the rabbet of the aini, 
so that its lucid point, m a horizontal position of the aim, maybe on a level with tho lucid, 
point Ill the centie. The moveable lamp is suspended upon a piece of buss lastonod to tho 
shdei by a pin, exactly behind the flame, upon which at moves as on a pivot. Tho Itimp is 
balanced at the bottom by a weight of lead, so as always to lemain upiighl, when the aim iS. 
eitliei lifted above, ov depiessed below the hoiizontal position The double jomlcil handle^ 
7 D, eP, consist of light deal locls, ten feet long, and the lowest of them may have divisions 
maiked upon it, neai the end P, expiessmg exactly the distance fiom the central lucid pOWt, 
in feet, inches, and tenths. 

S. “Fiom this constiuction a peison at a distance of ten feet may govern tho two lucid 
points, so as to bung them into any lequiied position, south oi north, pioccdmg or following 
fiom 0° to 90“ by using the handle P, and also to any distance fiom i*Vlhs of an inch to fivo 
01 SIX and twenty inches, by means of the handle Z>.” The two lamps a and b have the sliding 
doois open, to show the wicks 7F is the leaden weight with a hole d in it, thiough which a 
wiie is to be passed when the lamp is to be fastened to the slidei. 

(3. “ It IS well known to opticians and others, that we can with one eye look into a inioio.r 
scope or telescope, and sec an object much magnified, while tho naked eye may soo a scale 
upon which a magnified piotuie is thiown. In this mannoi*’, says the aiithoi, **I havo gene¬ 
rally determined the power of my telescopes; and any one who has acquued a facilily of taking 
such obseivations, will veiy seldom mistake so much as one in,fifty in dctcimining Iho powei 
of an instiument, and that degiee of exactness is fully sufficient foi the puipose. 

7. “The Newtonian foun is admiiably adapted to the use of tins miciomctci , foi the 
obseivei stands always eieot, and looks in a hoiizontal diiection, notwithstanding tho telescope 
should be elevated to the zenith. Besides, his face being tinned away fioin tiio object to which 
his telescope is diiected, tins miciometei may be placed veiy conveniently without causing the 
least obsti action to the view, theicfoie, when I use this instiument, I put it at ten loot distance 
fiom tlie left eye, in a line peipendiculai to the tube of the telescope, and laise the moveable 
boaicl to such a height that the lucid point of the cential lamp may bo upon a level with the 
eye The handles lifted up, aie passed ihiougli two loops fastened to the tube, just by the 
obseiver, so as to be leady foi Ins use. I should observe, that the end of the tube is cut away» 
so as to leave the left eye entirely free to see the whole micrometei Having now duocted the 
telescope to a double slai, I view it with the light eye, and at the same tune with the left see 
it projected upon the miciometerj then by the handle P, which commands the position of tho 
arm, I laise oi dopiess it so as to bung the two lucid points to a similai situation with lliic two 
stars, and by the handle 2), I bung neaiei or faithei off the moveable lucid point to the sam.^ 
distance of the two stais, so that the two lucid points may be exactly coveied by, or coincide 
with the stars. A little practice in this business soon makes it easy, especially to one whe 
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aU'eady been used to look with both eyes open. What icmains to be done is very simple. With 
a piopei lulc, divided into inches and foiticth pails, I lake the distance of the lucid points, 
which may be done to the gicatest nicety, because llio peifoialions are veiy small, the mca- 
sure thus obtained is the tangent of the magnified angle uudei which the ^tais arc seen to a 
radtus oftenjeet; thoiefoie, the angle bclngfound, and divided by the power of the telescope, 
gives the real angulai distance of the couties of a double star. 

8. “ Foi instance, Septembei 25, 1781, I ineasuied « Ileiculis with this instiinnont. 
Having caused the two lucid points to coincide exactly with the stai’s, contie upon centie, I 
found the ladius, oi distance of the ccnlial lamp fiom the eye, 10 feet 4 AS inches, the tan¬ 
gent, 01 distance of the two lucid points 50,0 foitioth parts of an inch , this gives the magni¬ 
fied angle 35', and dividing by the powci 400, we obtain 4" 34"' foi the distance of the two 
stais With this powci the scale of the inicioinclcr at this distance is upwards of a quaitci of 
an inch to a second. As another example i On Nov. 28, 1781, the diamctei of the Geoiguun 
Sidiis was measured with a power of 227 . The laduis on that occasion was 35 feet 11 inchca, 
and the measuic of the magnified diainctci 2.4 inches, making the angle 19', and consequently 

the leal diamctei = 5".022; in which measuic the scale was 0.474 of an inch to the 

227 

second. 

9. “The measuicB of this miciomolor, however, arc not confined to double stars, but may 
be applied to any othci objects that require the utmost accui-acy, such as the diainetcis of the 
planets, oi of then satellites, the mountains of the moon, the diameters of the stars, &o. J?oi 
instance,” continues the authoi, “Octobei 22, 1781,1 measured the appiucnt diametci of » 
Lyiffi, and judging it of the gicatest iinpoi lance to incieaso my scale ns much as convenient, 
I placed the miciomclei at the gicatest convenient distance, and took the diameter of this 
stai by leinovmg the two lucid points to such a distance ns just to inclose the appaiont dia¬ 
meter When I measured my ladiiis, I found it to bo twenty-two feet six mchos. Tlio dis¬ 
tance of the two lucid points was about throe inches, ibr 1 will not piotcnd to exltenie nicety 
in this obscivation, on account of the very great powei I used, which was 6450. Mom theso 
mcasuics we have the m»ignificd angle 38' lO"; which divided by the power gives 0".355 for the 
apparent diameter of « Lyiaa. The scale of the micrometer on this occasion was no loss 
than 8.44i3 inches to a second, as will bo found by multiplying the natuial tangent of a second 
by the power andiadius in inches.” 

10. It maybe piopcr to mention by way of appondogo to this last example, that the magni¬ 
fying powei, above staled to bo 0450, was by a subsequent expoiiment determined to be smallei, 
VIZ. 5786 , and that thciefoie the apparent diameter of « Lyrm must bo increased in the latio 
of the foiinci to the latter. The fiisl method of dolermimng the poweis of the seven-feet tele¬ 
scope with the lespectivo single oye-lcnses, was by means of a disc of half ail inch, the imago of 
winch was viewed at the samo distance with the second eye, as we described in om section 
XI, undei the paragraph I 6 , entitled Double Vision When the absolute magnifying powei 
had been thus detei mined with a lens of pretty long focal distance, it was applied to a diagonal 
eye-piece called by the authoi a Camera eye-ptece, and the image of a small object was piojeclod 
downwards upon a sheet of papoi, and the projected image measuied, then each of llie lenses 

with shoitei focal lengths, was successively applied m the same way, and the images piojected 

11 2 



244 


THE LAMP.MICROMETER BY SIR WILLIAM IIBR8CIIEL 


by them being also measured, showed the compaiative magnifying poweis of all the lest, winch 
weie those annexed to the obseivations 

11 The second method of gaming the powers was, by fiist raeasinmg the solai focal 
length of a standaid lens, of the longest focal distance, and applying it as the lens of a micro 
scope, and obtaining the image of a wiie-piojected on papei at eight inches and a half fiom the 
lens and eyes, and then by compaung the images of the othei lenses with this by the measures of 
tlxeu projected images, and when their absolute focal lengths weic thus obtained, the sidereal 
focal length of the gioat speculum being known to be 85.2 inches, it was easy to obtain the 

respective poweis. 

12, In anotliei communication, which has lefeienco to the example of « Lyrm, given 
above, Sn William says that, “whatevei maybe the cause of the appaicnl diamoleis of the 
stais, they aie certainly not of equal magnitude with diffeiont poweis in the same telescope. 
In my uisliuments I have evei found less diametei in piopoition the highei I was able to go in 
powei, and never have I found so small a piopoitional diametoi as when I magnified 64'50 

times.’** 

13. Anotliei paiagiaph m the same communication deseives to be quoted also, with lefbi- 
ence to high poweis, “ Notwithstanding opticians have pioved tliat two eye-glasses will give a 
inoie collect image than one, I have always (fiom expeuence) pcisisled in refusing the assist¬ 
ance of a second glass, which is sme to intioduce eiiois gieatei than those wc would conect. 
Let us resign the double eyeglass to those who view objects meicly foi cnlcitainmcnl, and 
must have an exoibitant field of view. To a philosopher this is an unpaidonable indulgence. 

I have tiled both the single and double eye-glass of equal poweis, and always found that the 
single eye-glass had much the supeuouty in point of light and distinctness. With the double 
eye-glavss I could not see the helts on Saturn, which I very plainly saw with the single ono. I 
would, however, except all those cases wheio a laigc field is absolutely necossaiy, and whcio 
power joined to distinctness is not the sole object of oui view ” ^ 

14. When the two stais composing a double one aie veiy ueai one anothci, as in the 
first and second classes, an estimation of then distance may often be made with a good tele¬ 
scope, giving a lound well defined image, and magnifying upwaids of 200 tunes, by a coiiipau- 
son of that distance with the appaient diameter of one of them, without any miciomctei being 
applied, andseveialof oui authoi's measmementsaiciegisteicd inteansof this donomiiiatioii, 
though the exact diameter of the compaied stai has not been attempted to bo ascei tamed, 

15, Another substitute fora mici ometei, when a veiy high powei was used, was a lucid 
dtsc, made of oiled papei or other scmi-tianspaicnt mateiial, placed bcfoio the light of a lamp 
xn the fiont pait of a lantern, lomovablc to any distance, until itscliamctei appealed equal to 
that of the planet viewed m a magnified state, oi until the two stais obseivcd would just 
include its diameter. In this way the diametci of Geoigium Sid us was detci mined to be 
about 4" in the yeai 1781, The colour of the disc was found to have an influence on the mea- 
suie, and when it was all stiongly illuminated, the measure was too small j on which account a 
black disc was used, suirounded by a nauow illuminated bolder, which had the same effect j 
and theiefore a dark disc placed on an illuminated giound was tiied, but gave the measui’c m 
the opposite extreme, so that a mean of the two was consideied as the tiue mcasme. 

* VqI LXXn p. 108, t Ibid p 04,95 
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§ XLIII BINOCULAR SPIDER'S-LINE AND GLASS-DlSC MICROMETERS [Pi>Ara III ] 

1, When an obseivoi la using a lamp-tniciomelci, he has two inconveniences to contend with . 
first the management of the kntci n with i espoct to both distance and position of the lucid points, 
as well as of the telescope, and secondly, the management of his eyes, which must have the 
adjustment of then pupils adapted to objects at difibicnt distances, foi the stais rausl be seen 
close to one eye, and the lantern ten oi moie feet fiom the face by tho otliei. Some piactice 
only can oveicome the lattoi difficulty To avoid these piactical impediments, wo have con- 
tiived a small appaiatus which enables the obseivci to have tho star and tho scale at the same 
distance fiom the icspcctivc eyes, which view them sopaiately} and which holds tho scale within 
leach of the hand, foi effecting its adjustments foi distance and position. But in the use of 
this contiivanco, as well as of the lamp-inicioinctoi, the jieifcct use of both eyes is an indis¬ 
pensable lequisitc. 

2. Tho diffciont paits of the binocular cye-picco that wo contrived, and had made by 
Jones of Charing Cioss about seven years ago, aio icpiesontcd by flguios S, i, S and C of Plato 
III, and the instiumcntis soconstiuctcd, that it will allow cithci a spider’s lino imci’oincter, oi 
a divided disc of glass to be apjilted as the scale of moasuicment} but whichever may bo 
made choice of, the eye-picce, being of the variable kind alicady dcsciibcd (§ VI. 4.), and 
seen sepaiately in figuics 13 and 14 of the same plate, has the fuithoi piopoity of being juo^- 
metitc. The incasiuc may be taken any number of times with as many different poweis of the 
telescope, and with coriesponding altciations of tho scale, affoiduig the means of using that 
powci which is best suited to the obseivation, oi of taking a mean of scvcial mdopendent 
measmes. A and B in flguic 6 aie the two tubes coustituting the plain vanablc eyc-piecc, as 
m the figuios 13 and 14, and holding each a kms at then ends next the eye, the scale of dis¬ 
tances between tho lenses, on which the magnifying powei with a given telescope depends, is 
marked on the exterioi suifacc of the tube A, and indicated fiom 0 to 180 by the innci end of 
tube B, which distance is theiugumcnt in oui following table for giving the powcis of a tele* 
scope of 76 .25 inches focal length, with cither of two soparalo lenses, winch sciew successively 
into the eye hole of tube B , and a simihu table may be constructed foi any oilier telescope by 
the aid of a good dynametcr. The scalc-lioklci, seen m liguie 5, has a chimp and flxing-sciew 
a at one end, and a hole b, containing a female screw, at the other, into which hole the piece of 
tube c, fig. 6, holding a positive cye-piccc and divided disc of glass, or the spidei’s-hnc micro¬ 
meter d, seen in fig. 4, will cithei of them screw, accoulingly as one 01 the othci may bo at 
hand, 01 be piolciied. The distance between tho centies of those holes must be equal to the 
distance between the pupils of thoobscivei’s eyes, to enable him to see at the same time tinough 
the eye-piocc of the telescope and tho eye piece of the micioinetoi, when both eyes aie biought 
ncaily into contact with the lespective oye-ends, the nose having looin between (hem; but that 
tho same scale-holclci may suit moie poisons than one, a joint is made in the middle of it at c, and 
a sctewjC with a milled head, opens or shuts the lunge by acting on the tail piece attached to 
the half beaiing the miciomcler, and by icgulating the distance of the eye ends of the two 
eye-pieces to suit any obscrvei. The piece h, fig. G, is a leflector turning on a wiic, sciewed 
into the scale-holdei, and illuminating the lines of eithci micrometei, by being placed in thp 
requisite angle for modifying the light cqmmg fipm a candle 01 lamp, when staijcling at a 
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gieater oi smallei distance, as the intensity of nccessaiy illumination may lequiie foi different 
obseivations. 

3. With lespect to the inode of using the spidei’s-Imc miciometei as a pait of the hiiiocii* 
lai eye-piece, and of obtaining a measuie of any object theicby, when the tube A of the 
vaiiablc monoculai eye-pieco has been sciewed into the telescope, and good vision has been 
obtained of the object undei examination, the spidei’s line iniciomctei must be scicwed into 
the 1 emote end of the scale-holdei at b, and the holdei clamped to the outei tube S, at such a 
distance flora Ihe eye-end as will allow both eyes to come neailyiii contact with thcii lespcctivo 
eye-lenses, and if the distance between the eyes is too gi eat oi too sindll, the adjiistinent, by 
the scievfjl must accommodato the distance between the two eye pieces accoidingly, so that 
while the light eye views the object magnified by the telescope, the lefl may sec the spider’s 
lines appaiently in the same field of view as the object is seen m by llio otlici eye there is that 
intimate connection m the joint use of the two eyes, that, when both aie used logelhei, the 
obseivei is not awaie which eye sees the spiclei’s lines, and which secs the object to bo inca 
sured) they appeal as if seen by only one eye, as m the oidinaiy mode of obsciving, and the 
opening of the linos by the miciomctei’s sciew will easily be made to include the duuneter of 
the object to be mcasuiecl, oi the angulai distance between two stais 

4<. In this opeiation thoic seems at fiist to be something of a magical natme, and nothing 
but a little piactico will convince the obseivci, that the appcauuicc is not an optical deception j 
it IS in fact the lamp-miciometei biought closer to the eye, but changed into a inoio convenient 
foira. The hoiizontal spidei’s line maybe turned into any oblique position for giving the 
longest distance between two points thus seen, which will always bo the case when the lines 
opened stand at light angles to the line of distance to bo mcasiucd The pcciiliai .idvan- 
tage of the binoculai micrometei is, that no illumination is icquiiod witlim the telescope, and 
however small a visible stai may he, it will appeal in the illuminated field of the iniciometer 
as a speck of supeiioi light distinctly disceiniblc, and the miciomolci can be used witli the same 
convenience with small stais in this way, as iflaige stais weic to be viewed and measuied by 
the oidinaiy moiioculai method. It must howevci be admitted, that thoiois the same difficulty 
in measuiing the distance between two stais in a line paiallello thecquatoi, oi neaily so, which 
theie IS in using the same iniciometei in the usual way 

3, Besides the advantage of being able to see a small stai and the spidci’s lines at the same 
time, with suitable illumination, the obseivei has the fiuthei advantage of obtaiiiuig a now 
scale for the micrometei, at cvciy change of powei given to the telescope by the vaiiablc eye¬ 
piece attached to it, and is theieby enabled to lake a mean of scvoial distinct measiues taken 
on diffeient scales, and with llie same telescope. If the two eye pieces, used with the telescope 
and with the miciometei, weie piccisely alike, the value of a levolution of the sciew would be 
the same, used eithei as a monocular oi binoculai instuiment, and the labulai values would be 
those contained in oui tables printed in Section XIX, accoulmg to the telescope employed } 
but the exact similauty of two eye pieces cannot be depended upon, wbatevei care may 
be taken in then constuiction We have shown that the value of a miciometei's sciew, multi¬ 
plied by the focal Icngtii of any telescope to which it may be applied, is always a constant qmn 
Uiy, and that this quantity with the eye-piecc in oui Tioughton’s miciometei is about 1991 . 
but as Uie powers witli oidinaiy eye-pieces vaiy with the focal lengths of the object glasses, we 
may substitute the magnifying poweis for the focal lengths, which, with Tioughton’s eye-piece 
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in question, will give a pioiluct = 2040", as we have also had occasion to notice, if theiefore, 
many position indicated by an cye-picco of vaiiahlc powei we have a knowledge of the tele¬ 
scope’s cQiicspondiiig powci, P, the value, V, of a levoluliou of the scicw, will bo 


P 


and this value, multiplied by the niimbci and parf^ of tho i evolutions effecting the incasuie, 
will be tho said moasuic icduced to seconds of a gieat ciicle, The constant pi oductfai any 
othei spidci’s-hne miciometci, used with any lolescopo whalcvoi, may bo easily dcleimined, by 
fiist finding tho value of a ievolution of its scicw with the telescope in question by tho Sun’s 
diameter, oi any of the othoi methods (§ XIX, XX), and then by detcimining the magnifying 
powei with a dynaraetoi (§ XL)> ioi the pioduct of the dotci mined value in seconds, multi¬ 
plied by tho powei now found, will be the constant ninB^periequiicd to ho divided by the power 
(P) belonging to any pobition of tho lenses in available eyc-pieco having a table of powcis 
computed, b’oi instance, when Tioughton’s micioinctci is used with oui telescope 76 .25 (3 ), 
the powei is 78 lO, and the value of one icvolution 2C".l, tho pioduct of which factois will be 
S040", as ncaily as may bo, and this constant, divided by any of tho poweis pioduccd by the 
variable oyo-piccc, will give the value in seconds of a 1 evolution of the same miciomctci, used 
accoiding to the bmocuiai method, 

C. In like maunci tho constant product may be dclcimined foi a divided disc of glass, 01 
fbi any othoi scale, which may bo applied m the binoculai mannoi to a given telescope. When 
oui positive eye-pieoc, containing a disc divided by Tun ell, was adapted to the same telescope, 
the pioduct of the magnifying powei by tho value of one division of the scale was found to be 
1580 ", winch IS tho comlanl belonging to this cye-piece and disc, used 111 eithoi tho monoculai 
or binoculai method with any telescope whalcvci We have computed a table of magnifying 
poweis foi OUI .sliding vanable cyc-pioco used with cithci of two oyc-icnscs, with tho telescope 
at picsent mulci oui consuloiatiou, which wc shall subjoin to this section, aftci having given a 
few examples of its application, as it lias icfeionce to the binoculai use of the two miciomclers 
we have now tieatcd of The eye-lens numboicd 1 bus been omitted. 

7 . When we had moasuied the angle subtended by a distant object with a Tioughlon’s 
tnicioinelci in the usual way, and found it di.80 revolutions, 01 125".28, taken fiom tho table 
adapted foi tins pin pose (§ XIX. 0) wc took tins known angle as a test of the mcasiiies to be 
taken by the binoculai method, and obtained the following oxpeuracutal mcasuics j viz. 
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OE THE MAGNIFYING POWERS OF A TELESCOPE OF 76 25 INCHES FOCAL LENGTH, 

USED WITH A BINOCULAR VARUBLL EYE PIECE HAVING TWO EffPEBENT EYE LENSES. 
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77 4 


28 

, ICO 3 

86 3 

73 

138 4 

73 0 

118 

107 0 

01 9 

103 

70 7 


29 

108 6 

86 0 

74 

137 7 

73 3 

110 

100 0 

01 6 

104 

70 0 


30 

107 9 

04 8 

75 

137 0 

73 1 

120 

106 2 

01 4 

105 

75 3 

40 7 

31 

167 3 

84 6 

76 

186 4 


121 

106 5 


100 

71 7 

40 4 

32 

106 6 

84 2 

77 

185 7 


122 

104 a 


107 

74 0 

49 1 

33 

106 D 

04 0 

’ 70 

136 0 

72 3 

123 

lOi t 


108 

73 3 

40 0 

34 

106 2 

03 7 

1 70 

184 3 

72 0 

124 

103 4 

60 3 

100 

72 0 

48 0 

35 

164 6 

83 6 

80 

133 0 

1 

i _ __ 

71 8 

125 

102 7 

00 1 

170 

71 0 

40.4 

30 

103 0 

83 2 

81 

132 9 


' 120 

102 1 

69 8 

171 

71 3 

48 1 

37 

163 2 

02 9 

82 

132 2 


127 

101 4 

69 6 

172 

70 0 

47 0 

38 

102 6 

; 82 7 

03 

I IJl 6 

71 0 

120 

100 7 

69 3 

173 

00 9 

17 0 

39 

161 8 

82 4 

84 
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120 

100 0 

60 0 
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40 
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09 3 
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08 6 

i 47 1 
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81 9 
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4i 
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§ XLIV. ON THE USE OP POSITION-IiIICROMETERS 

1 . In soveial of oui preceding clesciiptions of miciomelcia, wc had occasion to leraark that 
when a graduated cuclc foims a pait of the insluimcnt, such addition will enable the obaeiver 
tomeasuie tlic angle of position which a line joining the ccnlics of two adjoining stais will make 
with the hon/oii, when they pass the meiidian, oi with their appaicnt path> when out of the 
ineiidian, but as the methods of applying a giaduated cnclc to such pm pose have not been 
sufflcicnlly explained, wo will icsnmc the subject in this section, and supply such iiifonnation 
as may be useful to tlie unpractised obscrvci. 

2, In the eailici obseivations of Sii William Hcisclicl, made in the ycai 1779 three 
subsequent ycais, the wiio iniciomctoi used by this fllist observci of double and tuple stars, as 
made by Nanne (Philosophical Tiansactions, Vol. 71 • P» ^00) was by no means pci feet, but 
when he le ineasuicd them alter the lapse of twenty yeais,hcusodnnpiovcdinicroinetcis 5 andin 
the 1 ccent moasui cs takcli by Mcssioin s 1 . R W. Ileischcl and J. South, spidei's line mici ometers, 
in tlien most impiovcd foim, wcic applied to supciioi aclnomatic teloscopos, siippoiled and di- 
loctcd by equatoiial axes, and furnished with all the necessary adjustments, to /acilitnlo the la- 
boui, and insuic the accuiacy of Ihcii operations. We cannot bctlei dncct the exoitionsof 
the unskilled obscivci, who wishes to use a posilion-miciometer with spidei's lines, than by 
icfeiiing to the account given by the last-mentioned astionomeis, of " Obseivations of the Ap- 
paient Distances and Positions of 380 J^oublc and Tuple Stius’*, kc. which constitutes an 
entile pait of Volume 11<I< ( 182 ' 1 <)> of tlic Philosophical I'lansaclions of London As wc shall 
have occasion to desciibe Ihc EouAioiiiAL instuumknt in its place heieaftci, wo will salisly 
omselvcs hoi 0 with noticing the pi iiicipaldifllculUcs which the obscivei may expect to encounter 
m using the spidei's-hnc position-imeiometci, and the methods of obviating or of overcoming 
those dilliculUes. 

S. The fiist icquisito to be atlcnded to is to obtain a telescope of such length and aperture, 
whcthci icflecting 01 icfiacting, as will alfoid at the same time consideiablo magnifying power 
and a sufliciency of light to divide close stius, and to lender squall ones visible 5 in the next 
place, the foundation, on which such telescope is to bo placed, must be linn enough to obviate 
tiomois, thiidly, the motions in iiglit ascension and in declination, must bo independent of 
each othei, fouilhly, the clamps must be stiong cnoiigli to prcscivc the position of the tele¬ 
scope unallcied, and the tangent sciows of slow motion competent to pioduce easy legitlar mo¬ 
tions, as well as be within lench of the hand, by means of handles or olhciwiscj fifthly, 
some method of illuminating the lines in the cyc-piecc in any given quantity, and within leach 
of the obscivei will bo indispensable , sixthly, a change of cyo-piocos foi the legulation of the 
magnifying powci, 01 othciwisc a vaiuible eye-picce, will be lequiied to suit the diflbient 
classes of double slius, and lastly, the convenience of a inoiidian, 01 of an castcin mnik, by 
winch theastionomical adjustments may be lognlated, will bo essential, and, when the lattei 
IS used, the axis of motion 111 declination should be foiincd into a telescope, having cenlial 
cioss wncs at both ends. An eqiialoiial stand of the best construction has most of these pro- 
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pel tics, and may be substituted foi an equatoiial axis having all the appendages on a suitable 
scale, but aviII be liable to occasional deiangements fiom its locomotive constiuction. 

■d). When the miciometei has been applied to a telescope having all the advantages above 
eiiumeiated, it may easily be turned to any stai within its icach, at a given tune, when the ad 
justments ai e complete, by simply elevating the telescope to the known declination of the star, 
and turning the polar axis lound, till its distance horn tlie meiichan is mchcatcd on the equate 
iial elide, as a celestial eye-piece is usually applied to this puiposc, the stai thus found wall 
be appaicntly helw the centie of the field of view, by leason of the effect of icfi action, thougli 
'it IS actually elevated, in fact the position of the stai will be leveisccl with lespcct to east and 
west, andmveited with lespect to noith and south j which appeaiances may not at fiist be fa¬ 
milial, but svill giadually become so when such a powci has been applied as alToids a good 
view of the two stais to be obseived, the laigei of them must be biought to lun along the 
equatoiial spidei’s-hne, and a sboit tune will show whethei its position is at light angles to the 
axis of the eaith, which will be the case, if the star, pai ticulaily ncai the mciidian, continue 
bisected through the field, then if the same appearance continue while the polar axis is turned 
slowly by its piopei sciew, this axis may be considered as duly adjusted to be paiallel to the 
eai til’s axis, and if the moveable paiallel lines aie by constiuction at light angles to the cqua 
tonal line, tliey become /wm^ lines while the miciometei lemams in the adjusted position. 
When the telescope is directed to a stai of known declination, oi, which is bettci, of no de¬ 
cimation, the value of the miciometci’s sciow may now be obtained by oui second method 
aheady clesciibecl [§ XX. 2.]. While the miciometei is in this adjusted position, the veinici oi 
othei index must be put to zeio;' oi have the aic indicated made an index ciioi, accoidingly as 
the constiuction may icquuc, then a ciiciilai motion must be given to the equatoiial spidoi's- 
line liU It lies ovci the ccnties of both stais, as neaily as the eye can estimate, which will le- 
quu'e to bo done caicfully scveial times, as the stais aie m appaient motion, dining which 
opeiations one hand must be at liberty to move the langent-sciew, legulating the equatoiial 
motion of thepolai axis, in such a dehcalo mannei as may keep exact pace with the eai Ill’s mo¬ 
tion round its axis, and pieseive the lelative position of the spidci's-hno and stais covcicd by 
It, winch faculty can only be Icaint by piacticc; then a moan of all the lopcatcd leadings cor- 
lesponding to the diffeiont measiuemcnls lead on the aic, and collected fbi the index Oiror, 
will be eithei the angle of position oi its complement, accoidingly as the figuiiiig of the spaces 
are cngiaved on the cncle. if the figuies mciease by 1, 2, S, &c. fiom 0 to 90° to the light and 
left fioin each hoiizontal zeio, the angles of position will be lead tiuly, but if the four qua- 
chants follow one anothci successively fiom 0 to 90° in the same oidci lound the ciicle, two of 
the quad 1 ants only will indicate the positions, and the othoi alternate two will give comple¬ 
ments of the angles measm eel. 

5 , The line to which the positions of stais have usually been icfened is a ciiclc of dechna- 
' tion, along which the laiger of two contiguous stais is supposed to lun when the mensuiomoiit 
IS made, and the position of the small one, as it logaids ihelaige one, is that which is registeied > 
there are foui quadiantal positions in which the small stai may be situated, viz. s p, s n pt 
andji/, which abbicviations imply south pieceduig, south following, noith pieceding, and 
north following, accoi dingly as the small stai piecedcs oi follows the laige one, and is on the 
south or noith side of the laigc slai’s line of declination, on the opposite ends of which the two 
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zeioes of the circle ai'c situated. Thus if we icacl 55“ SO' sf m any vcgistci, wo may nnilei- 
stand that the small stai was on the south side of the Inige star’s cade of declination and fol¬ 
lowing it, and that the line uniting then centios made an angle of 55* 30', oi its complement, 
with that ciicle. In legisleiing the obseivations it will bo convenient to adopt ceitam initials, 
as denoting ceitam lelative magnitudes and colouis,such as L for lai gc, jS foi small, wfoi white, 
r foi led, n foi noith, s foi south, &c which plan ivas adopted by Sir W. Ilcischel, who also 
put down eqiuil, tineqtial, and othei indications of the appcaiances obsoivcd, togethci with the 
magnifying powc: used, and the date of the obseivation, as well as light ascension and decli¬ 
nation of the object obseived, as Acaily as could be ascci lamed, m oidci that the object might 
be again identified. Tins plan of icgistcnng all the observable piuticnhus, when caiefully 
taken, is of gicat impoitance, us fuinishing data foi compausons with distant picceding oi 
following obseivations j which compausons will point out m a convincing maniici the changes 
which aio taking place, and then quantities, as well as duoction of motion, fiom epoch to epoch, 
eithoi in the measuicd distances or angles of position. If the question ieg.uding the annual 
paiallax of the ^tais should cvci be satisfactorily settled, it will probably be fiom obseivations 
of tins kind, carefully taken at distant inleivals of time, and compaicd with each othci. Much 
indeed has leccntly been done in this way by Mcssis. Ilcrschcl, South, Stiuvc, and Ainici, but 
much lemains yet to be done, ns well in compaiativo obseivations of the double and tuple 
stais, as in fixing then moan absolute places, as to right ascension and doclinalion. 

6 . The diflicultics which occul in making practical measurements arise fiom either the 
closeness 01 inequality in the magnitudes of the two sUus to bo obseived, or fiom thou in¬ 
visibility in that slate of illumination winch is necessary for rondoiing the spidei’s-lincs pei- 
ccptible by the eye. It is indeed a cinious fact, that a small sUii of a blue coloui, will bcai 
moie illumination than stais of the same magnitude of any olhci colour j at least when the 
illumination is caused by the ruddy light of a lamp. ISfay, some small stars have their tele¬ 
scopic appoauvnee even impiovcd by illumination. Of such veiy small stais as bear illumina¬ 
tion well, Mcssis. Hcischol and South have given us the following list, vm.; <r Scoi pu, n Lyi m, 
/ Tiianguli, /CfcPeisci, 59 Scipentis, S2 Monocciotis, tfVirginis, and 51 Piscium. The same 
peisevoiing observers have availed themselves occasionally of a singular method of oblaiuing 
a view 01 transient glance of a voiy faint star, by luining the eye into another duoction, 
and then catching an oblique impiession made latciallyon the loss fatigued poition of the 
pupil, and a lough mcasuio might somotimes be thus effected, when tlio minuteness of the 
slar eluded diiect vision. But when the two slius aio both veiy close, and very unequal in 
appaicnt magnitude, the difficulty in getting a good angle of position is cxtiomc, and can only 
be obtained by a icpetilion of measurements giving a toleiable moan, especially when the stars 
diffei in colour. In some cases a line diawn fiom the small star to become a tangent, fii'st to 
onehmb and then to the other of the huge stai, may bo used with advantage, to get extiemo 
measuics, when high magnifying poweis are usedi foi with most of the lefiacting telescojrcs 
the spuuous discs of laige stais, gieatly magnified, have limbs sufflciontly well defined. In 
geneial the disci epancies of repeated measuics maybe consideicd as inchciitions of the dif- 
ficulty of the obseivation, as well as of its nnccitainty. When tho equatoiial lino liesacioss 
both stais, tho measuic of the distance must also then be taken by opening the paiallel spi- 
der’s-lines, and this opeiation requires likewise consider able jiractical tact in the iimnagemcnt 
of the equatorial motion, the micrometer’s screw, and the illumination at tho same instant. 

K K 3 
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If the centies of the stais aie not bisected, the diainolei of one oi both of the two may re- 
quiie to be allowed foi, which, being conjectuial, may vitiate the obseivaiion. As the obsei- 
vations of Messis. Ileischel and South are before the public we will subjoin only one oxainplo, 
and take that winch fiist occurs in then valuable labouis 


“No. 1. 


R.A O'* 6’“, Decl T 4-9' N. 


SSPiscium, Stiuved'j III 62 , 

Laige white • small blue, beaiing illumination very well. 


POsia'ioN 


Nov 27* 1021 


IJISTA'NOI IN lUU'lS 



o 


30“ 9 
S9 SO 
29 0 
28 52 


^ S 


29 43 

28 46 

29 47 
28 38 




> II 


Moan= —29 14 


Five feet equaloiialsy 

Position = 60“ 46 's f 
Distance::: 11", 168 



34.5 
35 .0 
34.1 
38 .0 



34.9 J 


Mean = 35 .70 
Z.... — 0.28 


35 .42 


Sir William Herschel measured this stai on the 30th of June 1783, and his moasuics, as 
recorded in his second catalogue. Philosophical Tiansactions, 1785, aie 

Position 58° 54's f. Distance 12".50. 

So that this star has undeigone no mateiial alteration. M, Struve (Doipal. Obs. III.) has foitr 
sets of measures, the mean result of which is 

1821.45, Position 62“ 12' sf^ A dechn.~9".87^'» whence distance =:10".591.*’ 

7> In the pieccding registei the complements of the angle of position aie measured, 
and the discrepancies in the single obsoivations show, that it is moie difficult to obtain tins 
angle, than to determine the distance coiiectly. Accoiding to the Table given for this pur 

pose, we have for the distance . 35.0 pai ts = 11".054 

.4 .= 0.126 

.02.0.006 


Sum = 11 186 

Hence theie has been some mistake either in making the reduction, 01 in Iransczibing .I 68 
for .186. 

8 . When the niiciometei has a revolving spidci’sJme distinct f 10 m the equatorial hue, 
it must fiist be made to coincide with, this hue 01 he paiallel to it, when the veiniei is at 
zeioi whether the ciicle or the scale shall move with this line is of no impoitance, and will 
depend on the constiuction, but in either case the measuie must be taken by the moveable 
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line, as befoic ducctcci In oui altitude and azimuth cucle, the toothed cuculai scale cau'v- 
iiig the spulei’s line moves by a pinion, and when the inbtiiunent is used on the ineiidian, the 
mdex-cnoi applied to the leading gives the angle of position at all tunes when the instiument 
IS in due adjustment and the same will be the case with any single line cut on glass oi other 
tianspaicnt substance, which has a cuculai motion and a giaduatcd aic of any desciiption 
9 . When the paiallcl lines which sepaiatc by the sciow aie placed to coincide with a cucle 
of declination, and the laige stai made to lun along them, the diffcrenco of declination of the 
twostais may be moie easily moasuied, in most cases, than the diicct distance between them, 
because the small one will run along the second line, when the measure Is well taken, at the 
same time that the laige one is seen on the fiist, and this seems to have been the way in which 
Stiuvc has taken his ineasuie of A dechn. =:9".875, which he afteiwaids conveited into the dis¬ 
tance 10".591, by the help of his angle of position 0(2° i®'; and the same may bo done by 
observing the diffciencc of light ascension and tiie angle of position, oi by obseiving 
the diffciences of light ascension and of declination only, but not so accuiately, since 
one of the lattei data must bo taken in (me. Wo will give the foi multe foi the diflcicnt cases, 
winch will bo found useful as a check on the mcasuics of both tlic distance and angle of posi¬ 
tion taken by the miciomclci, and may often siipciscdc the use of this insliiunont when the 
slats aie not veiy close logetlici. 



10 . If, in the picccding diagiam wo make BA n piuallcl of decimation, and Cl i the line 
having a cuculai motion lying ovci the slats a and b, as the laigci stai a is piocceding liom 
A towauls By the position of the binull following star h will bo denoted by nf, because it is on 
the noith or lowei bide of the line A B, which is the appaiont path of aj tho angle A a h will 
be the angle of position, and hac its complement, or angle made with the hoiaiy ciicloj «/nvill 
bo the distance to be mcasincd, ac the diflbicnce of declination, and c h the diftbionco in light 
ascension when i educed to the equaloi. As llio tiianglc ib alwayb small, the Imes connecting 
the points tty by and c, may bo taken as btuught lines without appaient ciioi, and theiefoie when 
any two of the quantities aby be, ca, and J a c aie given, the lest may bo found by plane tiigo* 
nomctiy, oi by formulm depending on it. Let ac, the diffeiencc of declination, and hac, tho 
complement of the angle of position be given to doteiinino a b, the distance, and the difference 
of light ascension in time depending on be, then we have 


(!•) 

and diff, of iJ yf in tunc = 


II 

1 

*; o 

= ac . see z bac 


cos bac 



be _ 

ac, tang. Lbac _ 

ac . tang z hac sec dec h< 

15 cos dec * ~ 

15 cos dec Hi ~ 

15 


Or let the distance ai and z iac be given, to find the diflbicnccs of light ascension and 
declination, and we vetsd, and wc have 
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ac = ab, cos z bao 
be ~ abtsm. z bac 



be 

15, cos dec ♦ 


ah sin /.bac see dec 

_ 





As an example we will take the data recoided by Stiuve m lus Obsei vation of 35 Piscuim, wlucli 
IS df in his list} and has its declination — T 40', oi is so much south of the cquatoi j 

Given <ic “ 9 >875 • < • < • ♦ • . « . # log. 0 .994537 

sec Z 27 ° 4‘8> or .... 0.05326® 


To find a 5 = If .164 neaily ... . . . 1.047799 


Hence it appeals that there is some mistake also in Stuive’s doteimination of the distance when 
it is quoted = 10 '', 591 , our piesent computation bungs itmoie into accoulancc with the mean 
measure given by Messis. Herschel and South. 


Given £7Cas befoie. .... 0.994537 

Tang. 27“ 48^. . . 9 -722008 

Sec. dec. 7“ 49 '(leduclion) . . ... . . 10.004054 

~ • ... • - • 

To find 5 c in arc reduced = 5" 2553 . 0.720599 

Subtiact log. 1.5 . .... 1.176091 

. I III ' •• 11 Mi l r I 111! • 

Diff, of R. A. in time = 0’.35035 . 9.544508 

(2.) Suppose to be given a J = ll".l64 . 1,04t7799 

Cos. Z 27'’48'. 9.946737 

I I ■ . I III! I I I I f • • ~ ~ I H l i~ 

To find Diff of dec ac =9" 875. 0,994536 

» i , I I ■ p 111 'I I ■ ■■ < 

Suppose again to be given ab = 11",164 . 1.047799 

Sin. Z 27 “ 48'. 9 668746 

Sec dec. f 49' (reduction) . . 10.004054 

I- I » I ■ ■ ■ v H 

To find b c 111 aic 1 educed =: 5" 2553 . . 0.720599 

Sub log. 15. 1 .176091 

Biff of R. A. in tune=0,35035 9 .544508 


If we take the diffeience of right ascension in arc, 5 c, =: 5",2065 umeduced, and of declmalion, 
(Ic, s 9''875| to find the distance a 5, and angle of position a be, because the triangle w 
light angled at <?, we can obtain the side a 5 without logaiithms moie leadily thus. 

v/ (ac‘ + 5c‘) s e5 =; ^ 125.1338 =: If.164, 
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ac 


Lastly, as is equal sin. l abCf oi angle of position, we have 

Log. a c 9''.875 . 0. 

- Log. «Zi 11.1 .1.04)77995 



Sin. L 62° 12' . 


9 .94.67376 


11 . With lespcct to the donhlc-imagc position miciometeis, we can best explain theii ap 
plication by icfeieuce to five clmgiams such as we licie annex: 



1 la. 2. 


If we consider the lino A B the circle of declination of a star a, having S. dec., and lender the 
sliokc cut acioss the field-lens of oui vaiiable eye-piece exactly coincident with it, by making 
the stai pass along it, either on the inciidian, 01 out of it when the telescope has an equatorial 
motion, and if 5 c be two small stais forming a triangle with the larger star a, the position of 
b will bo and that of c will be np , then let it be lequiicd to determine the anglc.s of posi¬ 
tion baJi and caJ3 1 cspoctivcly, by moans of the ocular crystal micrometer dcsciibcd in § 
XXXIX when the position of the telescope has been adjusted so that the declination lino, made 
acioss the plain face of the field-lens, is icndcicd visible by the micrometci's lack, and turned 
so that the stai will pass along it, tlio vcinier piece holding a ]nism with a laigo constant angle 
may be ])ut to its place and tinned to one of the siciocs, then six stais will appear in the field 
ol view and two paudlel lines or images of yl iJ, the tube or diawcr of the tcloscopo, into which 
the iniciometci sciews, must now be turned giaduaily lound, without altoiing the position of 
tlieveimoi, till the two puiallcl lines unite m onej which eflbet maybopio- 
duced by turning the prism only, if llio drawci will not turn lound and admit 
of being clamped, I'licn the appcaiancc of the slms will be as shown in 
the second figuie, in which the Uianglo «/;cwill be zcpcated by the foima- ^ 

tion of a similai tiianglc a' b' c', and the two laige stars a and d will lie in the 
decimation line, winch is now a black single line; this is the zeio position 
of ihcmicrometei, and must icmain unaltcied so long as the stai a is seen upon it, Tuin now 
the vciuici foiwaul, and the sccondaiy ,stais «'&'(?'will commence then icspcctive circuits 
lound thou piimaues abc, and when the aic due to the angle baB has been 
passed ovci, the appcaiancc will be as lepicscntccl byfiguicS, annexed, wlieic 
b,b\ a, and d will constitute a stiaighl line, and the oiigmal double line AB 
will be sepalaled into two paiallel lines, having a line joining thou ends 
pointing in the same diiection as the line foimcd by the foui stais} and " 
also a line joining c c', though at a distance, will point in the same diicction, 
the two tiiangles being stdl similai, though m diifeicnt relative positions; m 
this situation Ihevoiniei will indicate the angle of position in degrees and mi- 


'S' —‘S'/ 


Eio 3 

•b 


i' 
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imtes when the veimei has been moved o\et a quadiant, the paiallel lines will no 4 
have opened to then gieatest extent, and the foui small stais d, b',c, andd will 
be nearly m a stiaight line as m the fomth figure, and would be exactly so if they ,1/ 
had the same light ascension, when they foim an exact stiaight line the vciniei 

will indicate the angle of position which a line connecting them foiins with the - 

decimation line A B, which in this case would bo 90 ° ± x\ and a; would be the 
angle ibimed with the ve1t1c.1l 01 hoiaiy line A fuithei motion of the veinici ’’ 

will pioduce the appeal Spec exhibited in oiu fifth figuie, wheic a stiaight hncisfoinied by the 
stai s a,c, and c', b, b', being at a distance, and the pai allel lines having changed * ^ 

the position of then ends, but the coniieclmg lines will as hofoie point 111 the 
same dllectioii as the line foiincd by the fom stais, and in this position the " 

veiniei will as hefoic indicate the tiiic angle of position caB When cithei 
of the two stiaight lines, foimcd by the fom images ofeithci pan of slats, has 
thc two middle stais d and b, 01 d and c neai cacli othei, a change of powci 
given to the cye-piecc will make them coincide, and then the distance between the said pah 
will be oblcuned at the same tune that the .ingle of position is indicated j the adjustments and 
position of the veiinei must be the same foi both dcteiminatioiis, which theicfoic may always 
be contcmpoiaiy when both aie obseived It will alw.vys be dcsiiiiblcto m<ikc the painllcl 
lines unite again, aftci tlie ohsctvalionb have been completed, to liy if Ihoic has been any alter¬ 
ation in the position of zeio, that its cnoi, if any, may be applied. When the veiniei has been 
caiiicd ovci a semi-cuclo of the mioiometei’s limb, the same appcaianccs will be repeated ic- 
speclivcly, and when the measiucsaic taken on opposite limbs of the circle, the ludox-orior 
will mcige m the avciago of the two ineasuics 

Ig. What has been above stated with lespect to a piisin of double icfiaction, used as an 
ocular miciomctei, will bo equally .ipphcablo to a piism applied on Ilochon’s piinciplc, where 
a graduated cuclo is made .in appendage to the tube beaiing the sliding pi ism, the glass 
wedges, 01 cuneifoun iniciomcteis, have also the same piopeity of measuaiig angles of position 
as well as distances at the same iimo, when substituted foi pi isms, ui cithoi mode of applica¬ 
tion. The most piopei piisin, 01 glass wedge, to be used in any obseivntiou, is that wliieli 
with the given telescope and eye-lens will pioducc neaily cqii.il uitcivals between the foui 
images, constituting the sti.ught line, which dctonnines the .ingle of jiosition, foi us each sc 
condaiy image a', H, 01 c' icvolvcs lound its couesponding piimaiy a, b, 01 c, os the voiincr 
pioceeds along the aic, the two middle images have the advantage of appaicnt contiaiy mo¬ 
tions, and a small displacement of the vcimei is obeyed by a consulciablc change of lelative 
situations among the four images of a pan of stais, which cuciimstance is impoitanl in contri¬ 
buting to accuiacy. The double iin.igcs have the fuithei.iecomniendalion of affording gieat 
facility in gaining the mcasuie of the .ingle of position, as well as of the distances, while the oh 
jectof obseivation is in motion, since no fixed scale of mcasinemcnt is icquiicd in the field of 
view by which the measuiemenis .ue to boeffbeted, and hence the oquatoual motion may 
even be dispensed with, when the dcclination-line of the field lens is adjustable to the path of 
the pnncipal slai. The angle of position leqiuics no alteiation in the magnifying powci, 01 
adjustment foi vision, and is thciefoie obtained in a veiy shoit tunc, and when that is deter¬ 
mined, the distance to be measuied by a change of powei will not lequue an altcied position 
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of the veirnei duung the time necessary foi completing the mcasuie, piovidetl a piistn, oi 
wedge be applied that is competent to effect both pui poses, 

IS. That we might foim a compaiativc estimate of the acciiiacy of the single-image and 
double-image methods of obtaining the angles of position, by means of objects not in motion, we 
placed a caid at the distance of 8(1 feet, having the points on it constituting oui (list diagiam, 
which weie distinctly seen by om lefiacting telescope of 43.6 inches focal length, and 3.^ 
inches apeituie, when the vaiiable eyc-piece, holding the English pi isms and cuneifoim discs, 
was applied to it, Aftei having adjusted the piism 4, and aftei that the wedges «-t-J to the 
zeio position successively, and piocecded with obUmuig the appearances icpicsented by the 
piecedmg figuies icspeclively at the diffeicnt positions, it occuiiod to us, that, as the two angles 
of position baB and caB may ho taken togclhei as the whole angle J «c of the Uianglc, and 
as the lluee angles formed at a, b, and c nio togclhci = 180”, by placing the declination line 
on the plain suiface of the field-lens so as to ho ovci the points b and c, the two lein,lining 
angles, aticand «c ft might ho inensuicd by the same appcaianccs, bcfoio exhibited, of tlic 
rectilinear ariangoment of the rcspocLivc images} and on making the tual om cxpeiiment 
pioved highly salisfacloiy, Wc then applied TiouglUon's spidci’s-Unc iincioinctei and the 
divided disc of glass oi net«micrometcr in succession, and incasuied the angles of position 
with each ol' those, and found that the double-imago iniciometeis had the claim to our picfoi- 
ence on the scoio of both accuracy and convenience. We confined our oxpci uncut to a single 
observation of each angle with each msUiuncnt, as the best ie.st of the powcis of each, and the 
following table contains the losulting icspcciive mcasuies 


Angles 

* 

Vnmx 4 

Wcdgc} 
a b 

Troughton’s 

Mioromotui 

Net- 

Mean of tlitj 
it>ur 

baB 

61“ SO' 

60" SO' 

Gl®30' 

Go® 17' 

61® 3' 

caB 

49 0 

48 05 

49 5 

49 20 

49 5 

abc 

29 30 

32 0 

32 SO 

S3 0 

81 45 

acb 

39 SO 

38 25 

39 15 

39 80 

89 10 , 

Sums 

179 30 

180 15 

182 20 

182 7 

181 3 


Fiom this single expeiiment it appears, that the wedges and piisras give the sum of all the 
angles inoie coiicctly than the single-image iniciomcteia, and yet in measuiing the angle a be 
the double-image iniciomeleis diffei from one another, inoic than the otliei' miciometeis do la 
any of the angles. With any of the miciometeis an exact mcasiucment cannot be procuied 
but by a lepetition of the observation, in ordei to gain a good mean. Wo may however find 
out which of the angular measuies aie most faulty by means of the angle made with the vciti- 
cal by tlie line be, which we determined to be 3° only; foi when the single triangle is consi- 
deied as divided into two tiianglcs by the line ji B, the two angles at the intersection of this 
line with the line be (fig. 1.) will be 90® — 3®, and 90“ + 8®, and with a knowledge of these 
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angles vve &haU have the clifFeient angles of each sepaiatc liiangle given, as expiessed in the 
subjoined table 


UPPER TRIANGLE 

Angles 

Pi sm 4 

^Fctlgcs 

Ti oughton^s 
Miciomctci 

Ncl- 

Miuomctoi 

Mean 

Computed 

baB 

ahe 

87° O' 
Cl SO 

so SO 

87° 0' 

Go 3S 

32 0 

87° 0' 
Cl so 

32 30 

87° 0' 
60 17 

33 0 

87“ O' 

Cl 3 

31 45 

Sums 

1._ 

17s 0 

179 55 

181 0 

180 17 

179 48 



LOWER TRIANGLE 

Computed 
caB 
ac B 

98 0 

49 0 

S9 SO 

] 

93 0 
48 55 

38 25 

93 0 

49 5 

39 15 

98 0 

49 20 

39 30 

93 0 

49 5 

39 10 

Sums 

181 SO 

180 20 

181 20 

181 50 

181 15 

__ 1 


iHotn this couipaiisoii of the sums of all the angles of each sopavalc tuiuiglcj the glass wedges 
seem to give inoiecoiicct losulls than any of the othoi niicioinelois, oi IhtUi au aveiagc of the 
whole* But the cxpeuenced astionoinei will not fail to judge foi himself of the piefeieuce to 
be given to an individual miciometei, when he has put them to the test of actual measure^ 
inents of the double stais* We have not yet laboiued much in this intoiesting field, and can 
theicfoie only point out the vaiiety of tools which have been adapted foi the Libourei^s use 
his own expciience will enable him to decide which instiumcnt is in all icspecls best fitted 
foi his paiticulai piiipose We have tiied Dollond^s spheie of ciystal in oiu expeiinienl, but 
the smallness of its constant angle, oven when a maximum, affouls not a sepaiation of the 
images suflficienlly gieat to piodiicc a stiaiglit line such as may bo useful in dcteimining the 
angle of position* The main advantage of this double-image miciomctci is, that the autuige- 
ment of foiii points into a straight line of some length supeisedcs the use of a visible spider*s 
line requiiing illiumnation, when the adjustment of the decimation lino to the stai’s path lias 

been made 

14 s. Theic will, it must be acknowledged, be always some uiiceilainty in the determination 
of the veiniei s position on its aic, which shall pi oduce an exact straight lino of the four luminous 
points constituting this line, and the cuoi m the angle of position may be considered to he 
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piopoitionate to this unceitamty, which theicfoic can only be diminished by taking a mean of 
seveial mcasuics but when the telescope is fuinishcd witli an appaiatin foi vaiying the qiian- 
turn of illuiTiination, a spidei’s line oi a single fine sLiokc cut on a disc of glass, oi, what is 
still bcttci, a divided disc, constituting a net micioinctci, may be fixed in the locus of the eye¬ 
piece, and the piisin oi wedge of double icfiaction in.ivbo so siUuvtcd, that this lino, oi one of 
the lines of the iicl-miciomctei, maybe hud ovci the said foiu points, whcncvei they foim a 
stiaight line, and thus icndei the obseivalion of the angle of position as certain as the motion 
of the double stai will admit of. Such application of a visible line to the foui luminous points, 
lemoved fioin one anothci by Ihc opciation of the double lefiaction, will cnsuic the diiection 
of that lino, as a mcabuic ol angiihu position, and the coopcialion of the two nucioincteis 
will dimmibli much of thai uuccilaiuty which allcnds ihc measiucment by eithci method 
singly 5 pailicnlaily when the two stais composing the double one aio vciy close togethci. 

15. The divided ciiclo icpiesonted by figines 18 and 19 of Idalo HI. was contuved so as to 
admit of being used as a posiUon-micioinelei with sniglo images, with double ones, oi with 
both jointly, as wc have hcie suggested, and is equally subsoivicnt to any of Ibe thiee puniosos 
When it IS used with double images to efl'ect the aiigulai incasuio, by placing the ftun luiui- 
nous points in a sLuught lino, as has boon dcsciibcd, the pnsm of ciystal, oi the glass wedge, 
is placed bofoio the cyc-pioce, in the mannei exphunod in %ino 19 j oi may be situated be¬ 
tween the two lenses which compose it, but when the micioinetcr is used in the oulinaiy way 
without the piisra, oi wedge, ihc disc of glass containing the single stiokc, or not woik cut on 
its face, 13 placed on the othci side of the cyc-piecc at u, and llie line to be used is fiist 
tuinod louud, while the voinier is kept at zcio, till the hugci of the two stars in question runs 
along it, as scon in the telescope witli the said eye piece ajiphed to it, aftci which adjustment 
to the path of the stai, the molion of the vciinci along the divided me caiiics the glass disc 
into the position that makes the same line pass ovci both the situs, and Iheioby affoids a mca- 
siuc as good as if a spulci’s lino nucioinotci, with a guuhuited ciido Ibi giving positions, had 
been the instrument used. When the icticulalod disc is used, the lino passing ovci the two sUiis 
being followed by a succession of paiallcl lines, ovoi which tlio two sUus pass togctlici in suc¬ 
cession, piocliidcs the necessity of alteiing the position of the telescope, until ihc adjnstinont 
of the vcinici foi giving the angle is finally settled When both those means aie used ii*i con¬ 
junction, which in most cases will ho found .supouoi to oithei of them used sepaiately, the 
piisiu OI wedge of double icfiaction i.s fixed a few inches within the lubo of the telescope, 
and pioduccs double images on the piinciplo of lloclion’s constinction, which iinngcs will bo 
seen upon the disc of glass which contains the single line, oi not, in the common focus of the 
object and eye glasses. 

16. A coiiliivance foi aflbiding the joint application of thetwoiirnci{)inctei.s, with the same 
giadualod ciiclc, IS easily managed in this mannci, instead of the cyo-piecc lopiescntcd m 
figme 19 , a tube of the same diametei, about foul inches long, inoic oi less accoiding to the 
magmtudo of the constant angle to bo employed, is made to fit the piece of ccntial lube, made 
fast to, and moving round with the vcnuci, and is substituted foi the oyc-piece, tins tube con 
tains at the end next the eye a positive eyc-piece with the disc of glass fixed in its focus, but in 
such way that this eyc-piecc can be tuined lound while the tube letnlijns fast to the voinicr, 
foi the puipose of adjusting the lino of mcasuie to the stiu’s path, without moving the vernioi 

L I. 2 
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fiom zeio, then the opposite oi inteiioi end of the tube holds the cell of the piism, or wedge, 
which 13 also adjusted, by having the means of being turned lound without alteiing the vci- 
iiiei's position on the ciiclc 5 it is easy theiefoie to compichend without fiuthcr explanation, 
that, when the veiniei is earned fiom its adjusted position tound the divided aic of the ciicic, 
both the disc of glass, having the stiolce 01 ' net-woik, and also the solid of double lefiactiou 
will be earned along with it m the same tube, and whencvei the foin luminous points, or 
images of the double stai, aic bionght into a stiaight line, the stioke on the glass will he ovci 
them, and show whelhei 01 not the line so foiined is a peifectly light line, and if not, wilt 
affoid the leady means of making it so, by the necessaiy adjustment of the vciniei’s position 
on the aic of incasuiemcnt This device has veiy leccntly suggested itself, and when the 
appaiatus foi modifying the illumination admits of its application, it is well adapted for pci- 
feeling the measmes of angulai positions, paiticularly when the telescope has sufficient light. 

17 A second method of effecting an union of the net and double-imago miciomotcis, and of 
supplying a visible line to coincide will) the foiii luminous points constituting a light line, in 
obtaining the measuie of angles of position, has also iccently occuued to us, and is notpnly 
more simple than the pieceding one, but capable of giving the measure of the distance between 
two stais at the same liinc that it measmes the angle of position. This method consists in 
fixing a giadiiatcd ciicic lound the end of the diawci of the telescope, which is moved by the 
lack, and in clamping a veiniei on the giaduated tube sliding into il, and caiiying the positive 
eye piece and sliding piism within it Foi when the eye piece has a loticulatod not cut on 
•a glass disc 111 its focus, the double images of any object and the net aie both seen together in 
the common focus. The adjuatnients foi this constiuction (winch is nothing moie than a cir¬ 
cle added to Rodion’s application of a piisin confined to the eye-end of a telescope) aie these; 
fiist, the pi ism is pul to zeio of its scale, and the eyc-piece is adjusted in its cell till the ob¬ 
ject viewed is seen mxgk and well defined, secondly, the piism is earned foi waids a shoit dis¬ 
tance into the tube, and the eye piece unsciewod to leccivc its leticulated disc, as an appendage 
to it, then being leplaced, it is adjusted to its place of distinct vision without allcuiig its po¬ 
sition in its coll when the eye piece is leplaccd, both the double images and a stioke in the 
net-woik will be visible togethei, but not in the same line, till it and the disc contained in it 
aie tinned lound to make them appeal so, when this is once done, the giaduated tube cairy- 
mg them is itself tmnod round, till both images of the piincipal slai to be obseivcd mn along 
some individual line of the disc, and when lh.it is the case, the veiniei is set to zeio and 
clamped to the circle, which opciation completes the adjustments then, if the tube now car* 
lying the veimcr, as well as the pnsm and eye-pieco with its attached net, bo tinned round, 
till the four images of the double stai foim a light lino coveied by a stioke of the icticlc, the 
vernici will indicate the angle of position. The leason, why the piism is earned Jbn/sards in 
the giaduated tiibo, befoie the eye-piecc is detached to leceive its disc of nefc-woik, is, that 
when the eye-piece is leplaced, its adjustment, as it icgaids the divided scale of distances, in¬ 
dicated by the piism’a veiinei, is not distuibed, which adjustment could not be made aftei the 
disc has occupied the place of the focal point, which it is necessaiy the piism should occupy 
in being adjusted to its zeio When due caie has been taken in completing the adjustments 
above specified, the telescope is m a situation to measuie both angulai distances and angles of 
position at the same opeiation, while yet the visible parallel lines of the disc will ensure the 
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true position of the ciiclc’s veiniei, on winch the accinacy of the obscivation will depend 
Wlicn one of the two stais will beai but little illiiinination, the appiuatus foi modifying the 
light must ncccssaiily be managed accoidingly 

18 Lastly, the compound piisin of double icfi action may be united with the spidei’s-hne 
micioinetci, by simply fixing it between the two lenses which foiin its positive oyo-picce, pai- 
ticulaily when the constant angle is compaiativcly laigcj foi the sepniation of the images 
takes place, as in lloclion's constmction, and cithci the hon/ionlal oi vortical hue of tlie ini- 
ciomolci, being illuminated piopcily, will be in the place of the slioke on a disc of glass, in 
the common focus, and the divided ciicle of the iniciomclci, having awheel and pinion, or cii- 
culai lack and endless sciow, will be found vciy convcincnl foi obtaining the angle of position, 
at the same time that the lines opening by the scicwwill measnie the distance. Tins is a 
beautiful union which wc have liicd with poifect success, and can theiofoie lecommendil, as 
well as the picccding contiivanocs, all which wo have In ought to the lest of piactical appli¬ 
cation The adjustment of the cyc-picce, coiUauiing the piisin in this consluiclion, must be 
such, that, wholhei the hoii/oulnl oi vcitical hno be chosen, as the hue of indication of the 
veimei’s position, thnl hue must be made mglc by tuiinng the loose eye piece loiind, till the 
line and its image coincide, in which situation the lino at light angles with it, will be doubkx 
and at the maximum distance, When the distance of two contiguous sUus is to bo mcasuicd, 
as well as the angle of position, the stationary line of the micioinoter must bo made llic single 
one, having its image laid ovci it j and must bo hist placed in the apparent path of lliopiincipal 
still, 01 paiallel of its declination; when the two imngos of that star will both move along 
It as two beads on a stung, then, the vcinicr being put to zoio, if it has such adjustment, oi 
Its index eiioi being noted, this double line must bo earned loimd by the pinion, oi scicw, till 
the foui linages of the double stai foiin a light line covcicd by the sUong black line of indi¬ 
cation, in which situation the angle of position, oi its compleinoiit, as the case may be, will be 
indicated afloi allowance is made foi the index eiioi, which may happen to consist of scvcial 
degiccs. WG have thus hiken the angles baB and Bac shown in figuie 1, (11 )and have 
successively found them 6l“ and 49'’ within a few minutes: while the black lino of iikIiciiIiou 
remains ovei ihcloiu images, one of the moveable lines may be scpaialcd by the scicw, to 
measinc the distance, and in doing this font slender hues will appeal, viz.; two lines as usual, 
and two exUaoidiiiaiy images of those hiics, each pan of which lines will sepaiaLely incasuie 
their own distance, ot the coiiesponding pan of images, and it will bo of no importance 
which pail nflbids the mcasine, except that one of them may bo raoie distinctly scon than the 
othei, and will thciefoic be picfciicd. In fact, thcie will be a pan of mcasuies taken at one 
opeiation. Tioughtoii fitted us an eyo-picce constructed in tlixs raannei to lus micrometer, 
which completely aiisweis oiu expectation, 
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§ XLV EXPERIMENTAL COiMPARISON OF SEVERAL MICROBIETERS 

1, During the time that olij dcscjiptions of the diffeient miciomcteis have been in the pi css, 
we have had the laige object-glass, which lately excited considciablc inteiest among the mem- 
beis of the Astionomical Society and ollieis, mounted in a hiass tube, supplied with all the 
appendages lequisitc foi naaking a complete telescope , and have also had most of the micio 
meters icceiitly adapted to it, as so many cye-picces Tins addition to oui loimei stock of m* 
stiLiments has induced us to make some expeiuncnts with vauoiis miciometeis, when successively 
applied to tinee excellent achiomalic telescopes} namely, to those which we have had occasion 
to denominate 3 and 5 [§ XI* 13 ], and to the twelve feet one, winch wo shall now call 6, 
Out objects in making compaialivo mcasniements wcic two-fold , in the fust place to ascoiUun 
how far the difTeiciU miciomcteis will accoul with each othci, when tables computed foi the 
diffeient telescopes me sepaialely used , and secondly, to deteiminc undei what ciicumstaiicos 
the laigest telescope has the advantage ovci the smallci ones Foi tliese j)in poses we fixed a 
blank cnameUed dial of 2 'fS inches m djamctei, with a white giound, on a boaid pieviously 
painted giccn, and suspended iL in a veitical position at the thstaiice of about 332 yaids, that 
it might be distinctly seen with all the dnee telescopes, and that the angle subtended might be 
between 40 and 50 seconds. We weie awaie that llio long telescope would give the ap 2 ^menl 
angle gioatci than the shoilci ones would do, at Ilub shoit distance, owing to its gieatcst pio« 
poiUonal elongation, but that when the ieduction is applied, the lesiiUmg measiucs, if caie- 
fully taken, ought to be so ncaily alike, that the chffciences may bo consideicd as the ciiois of 
obseivation belonging to the diffeient miciomoleH, taken conjointly with ilic eiiois of the tables 
We have thciefoic computed a seiics of tables foi oui hugest oi sixth telescope, fiom the same 
data, with lespccL to the consUmis^ which woio the giound woik of oui foiuici tables, having 
delcutiincd its solai focal length to bo 145 .8 inches, when the convex lens of English glass is 
used in conjunction with the Gciman flint-glass, which is not the same that was in use when 
the lepoi t of a select commilleo was made upon it, but which is considcicd equally good by the 
makci, though it shoitcns the focallcngth about a couple of inches. Those tables will be 
subjoined to this section, ior the piiipose of being icfeaed to in icducing the mcasLues. We 
willfiist give the mic^omctucal measiucs affbuled by the dial placed at the shoit distance 
above specified, aswe took them in SLiccoasionby each ofthe thice telescopes, each single obseiva¬ 
tion being pul down without coaxing, and the whole being icgislcied befoie the i eduction swore 
computed, oi extiacted fiom the tables. As the weathoi was uiifavouiablc foi viewing celestial 
objects in Dccembci 1826, when the expennients weic made, and as none of the planets were 
neai the mciidian in the evening, a stationaiy object was fixed upon, which could be viewed by 
day-light but it was found necessaiy to confine the obseivations with single images chiefly to 

those houis, when the sun was obsciued uioic oi less by clouds, to keep the object steadv in its 
position 

2, The measuies taken by the telescopes 5 and 6 weie i educed by means of thou respect¬ 
ive tables, but those made by the telescope S weie ieduced fiom thetabulai quantities belong- 
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ing to telescope 6 , by mcie.vsrag them in the iiweiso latio of the lespccUve focal lengths of the 
two telescopes, oi by a factoi equeal to that latto. We might have computed llie icductions 
at once foi telescope 3 fioin the piopci data due to its own local length, oi otheiwise might 
have constuicted a senes of tables foi it also , but wo picfcnod using the tables alicady coii- 
stiucted, to show how the icductions, suitable loi any individual telescope, may be equally use¬ 
ful foi any otbci telescope, when the latio of then focal leiigthb is known, Ibi when the tabu- 
lai quantiUos aic oxliactcd fiom a table, depending on the focal length of a given telescope, 
the piopei factoi will conveit tlie amount into the quantity icquucd foi the second telescope 


by a simple multiplication. 


In om case the latio 


145 8 
70.25 


gives the factoi 1 . 012 , and 


145.8 

67.5 


2.16, by one of which the amounts of thctabulai quanlilies aic icspcctively multiplied, 


when denvod fiom the Tables I. IT. III. &c. m oiii annexed scries The elongations of the 
lespective telescopes, when adjusted to distinct vision ol the dial at 032 yaiils, aio 1 . 8,0 4884, 

and 0,38 in inches and paits, as detcimined by oiu foimnla y , and also vciy noiuly so by 

U —J 

actual measiuemeut on the tubes j whence wc have llio faclois foi reducing tliGappaiciit mean 

angles to the true angles from = 0.0878, fiom =: 0.9036, aiul from - 

^ 147.6 76.7384 6 ? 88 


css 0 994'4. When the power of any telescope is pioposod to bo derived from cither of the 
tables given at pages 131 and 182, winch arq computed for vaiinblo cyc-pieces, the same icli- 
culated discs must be used, and the same position of thccyc-lens with both telescopes j foi then 
the powoi coi responding to that position may he taken liom the tabic, and aftci wauls increased 
Ol diminished by a piopci factoi, equivalent to the latio of the focal lengths of the telescopes 
in question, foi instance, when the powci of the telescope 67 .5 is wanted, the factoi ,885 = 
67 .5 ~ 76 25 will be piopei foi giving the icduclion, but when the telescope 14.5,8 is used, 
then 1 012 =2 145 8 — 76 .25 will bo the suitable factoi 5 foi, as wc have befoio asscitcd, Iho 
magnifying poweis of telescopes aio dueetly to each oilier ns theii focal lengths when the 
eye-pioce is used j and m this case tiio cyo-pieco will be the same at the same position of the 
eye-lens. 
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3 ANGULAR MEASURES OF THE DIAL 

lAKEN AT 333 YARDS UISTANCL, BY A TELESCOPE OP US 0 INCHES FOCAL LLNGrll, AND fl Q INClirS 

APERTURE 


Micronicteis used 

Solat 

Vowel 

Mcnsnio 

Hodurttou 

Angle 

BlflLicncc 
tioin tlic 
IvIo«in 

Humniks 

1 

Spider's-Iinc micrometoi 

149 4 

3 55 

Tab I 

40" 47 

+ 27 

V ision good 

Dioptno m icroraotor by J oiiea 

170 

0 075 

Tab ir 

48 40 

+ 20 

Images well dcrinocl 

Dioptiic micrometer by Dolloncl 

104 

3 J2 

Tab III 

47 77 

- 43 

> Vision iiiiiiGifcct 

DyiiEimctcr used as n nncioinetor 

300 

1 70 

Tab IV 

40 25 

H 06 i 

j ^ 

Uucliott's method, Pusin I •» 

200 

8 32 

Tab V 

47 65 

07 ! 

Images well defitiitl 

' 2 

200 

5 22 

Tab VI 

47 01 

- 00 

Ditto 

3. 

200 

4 04 

Tab VII 

48 52 

+ 32 

Ditto 

4 . 

125 

2 06 

Tab VIII 

40 11 

-- 09 

Ditto 

Cuneiform inicromotcr, Wodec « 

200 

4 45 

Tab IXa 

40 28 

+ 08 

Vision moic perfect 


200 

2 35 

Tab X 

47 65 

05 

Ditto 

a*| & 

200 

1 70 

Tab XI 

40 13 

- 07 

Ditto 

Poly metric micrometer, No 0 

120 

4 at poSf 122 

Xl2.1t)(=;P) 

JO 78 

+ 00 

^ Vision good 

1 "1 1 ff 

Ditto 

149 70 

5 at 210 S 81 

X 0 77 (=F) 

48 05 

75 

f Constant - F, 

Ditto 

181 35 

0 Atpos 30 

'x 0 00 (=F) 

40 30 

+ 10 

C See Table 

Ditto 

208 08 

0 0 i\i poa 0 

X 7 1(=F) 

48 40 

4* 28 

) at page 102 


Menu apparent angle 

• Iff II $ 

■■■ 

± 17 

Mean difference 


True onglo 48" 20 X DB70 .. . 

47 CJl 


,0070= ^ ='^® ® 

147 « 


ANGULAR MEASURES OF THE DIAL 


TAKEN AT S3S YARDS DISTANCE, BY A TEEI SCOPE OF 67 5 INCHES FOCAL lENOTII AND 3 75 INCIIFS 

APERTURE 


1 Microtnotcis used 

Solai : 

Powei 

IVfcajaiiio* 

1 

Itoductlon 

Anglo 

Pidcrcnct 
fioin the 
Mtnn 

Kemarjut 

ISpider's-lme micrometer a *», •. • 

80 

1 04 

y 

2 10 X Tab I 

40^34 

+ .68 

Single observation 

IDioptric micrometer by Jones 

70 

0 3J 

2 10 X Tab II 

40 02 

+ 34 : 

Ditto 

jDioptrio micrometer by Dollond 

40 

1 62 

2 10 X Tab III 

47 24 

-- 34 

Ditto 

iDynamotcr usedas a mitrcmeter 

130 

0 776 

2 16 X Tab IV 

47 62 

- 10 i 

Ditto 

iRochon^s metliod, Prism 1, 

02 

3 00 

2 lOxTab V 

48 07 

- 01 

Ditto 

1 8 .. 

02 

2 42 

2 10 X Tab VI 

47 60 

+ 01 

Ditto 

1 3a' 

02 

1 82 

2 10 X Tab VII 

47 22 

— 46 

Ditto 

1 * 

68 

1 35 

2 16 X Tab VIII 

47 30 

29 

Ditto 

ICunciform micrometer. Wedge a 

02 

2 05 

2 16 X Tab IX 

48 02 

I" 34 

Ditto 

1 h 

92 

1 20 

2 lOxTab X 

48 68 

4" t)0 

Ditto 

1 (t 

02 

0 70 

2 10 X Tab Xr 

40 27 

+ 60 

Ditto 

IPolymotnc micrometer. No 3 

81 87 

2 

X1403—01.07 

47 29 

— 39 

Position 99 

1 Ditto 

02 76 

! 3 

X1403-02 76 

47 32 

- 30 

Position 7 


Mean apparent angle,,, , 
True angle 47'68 x 0814 


«t ft**# ffit* 


Menn difference 

~ f 07 08 


0914 


I 


»4 I ft fit 


47 60 
47 41 


± 22 


o 
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5 ANGULAR MEASURES OF THE DIAL, 

T\KEN AT S3S YARDS DISTANCE, BY A TPDESCOPK OF 76 3S INCHES FOCAL LENGTH, AND i 4 INCHES 

APERTURE 


Miciomotcra used 

Solar 

Power 

Mcasiu 0 

Rcducdoii 

Anglo 

BilTeiciico 
trom the 
Mean 

Bcmaiks 1 

Spider's-linc microinotci' • « 

Dioptric micrometer by Jones 
Dioptric niicrometci by Dolloiul 
Dynninetcr used ns a miciomoloi 

Eocbon's mclhodj Pilsm 1. 

2 

3 . . 

4 

Cuneiform miciometei, Wedge a 

/j 

(i-\ h 

Polyractric micrometer, No 2 

Ditto 

7a 

80 

84 

leo 

104 

101 

104 

06 

104 
, 104 

104 

00 40 
00 37 

! 

1 B6 

0 35 

1 70 

0 075 

4 30 

2 72 

2 00 

1 53 

2 30 
1,50 

0 01 

3 

2 

§ XIX 0 
§ XXXII 13 
l.OEixTab in 

1 012 X Tab IV 
§ XXXVII. 10 
Dillo 

Ditto 

Ditto 

§ XXXVIII 24 
Ditto. 

Ditto 

X10" 178 (=iV) 
xa'l".281 (=F) 

4a."20 
47 00 
40 77 
47 40 
47 02 

47.47 
47 80 
47.60 
47.16 
40 27 
47 40 
40 62 

48.47 

+ 66 

4 25 
**♦ 00 

- 24 
-- 11 

, - 20 
43 
15 

- ,50 
"I i54 

- 27 
+ 70 
h 74 

Single observation 1 

Ditto 

Ditto 1 

Ditto 1 

Ditto 1 

Ditto I 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

See page 132 

See Ditto 

1 

Menu npparont nnglo...... .. 

Tnio angle 47".73 X 0030 .. 

47 73 

47 42 

± 23 

Mean di/Toronco 

f 70 .730'! 


6 


ANGULAR MEASURES OF THE DIAL, 


PLACED AT NEARLY A MILE DISTANCE, TAKEN BY A TI LESCOPE OE 116 0 INCHES lOCAL LENGTH, AND 

fi n APERTURE 


Mipromoleia u*jc(l 

Solar 

l^owcr, 

eicasuiG, 

Rciluctloii 

A)]g1c« 

Dlflorcaco 
liom tho 
j Mean, 

UCIllAlkBa 

SpiderVbno mici omotcr 

149 4 

0 70 

Tab I 

rso 

•*1- *35 

Single observation* 1 

Dioptric iniciomctcr by Jones * 

170 

0 13 

Tab II 

0 82 

+ .11 

Ditto, 1 

Diopti 1 C microinoicr by Dollond 

104 

0 01 

Tab HL : 

0 77 

(MM* 44 

Ditto 1 

Dynamctei as n micrometer ♦,. 

300 

0 31 

Tab IV 

0 00 

- ,41 

Ditto 1 

RochonS mctliod, Prism 1 #... 

200 

1 00 

Tab V* 

0 14 

— 07 

Ditto I 

2 , M 

200 

1 00 

Tab VI : 

0 07 

-h 40 

Ditto 1 

3 .. 

200 

0 7B 

Tab VII 

0 37 

H 10 

Ditto, 1 

4 1 

125 

0 50 

Tab Vni. 

0 10 

11 

Ditto 1 

Cuneifoi m mici oraotei, Wedge « 

200 

0 B3 

Tab IX 

0 01 

20 

Ditto 1 

h 

200 

0 63 

Tub X. 

0 20 

H 06 

Ditto 1 

Ocular micrometer, Prism 2 * 

143 1 

Lens 4 

Tab IV p 220. 

0 20 

4- 00 

*P«itionlO,3 Tab XII1 

3 . 

100 6 

Lens 4 

Tab Ditto 

0 28 

h 07 

Position 14 a DittOa 

4 

266 2 

Lens 3, 

Tab Ditto 

0 28 

+ 07 

Position 5(J, DittOa 

Reticulated disc. 

211 

1 30 

X7"0(:=:F) 

0 10 

-all 

Pi=:12(J"—10 diviaione, 



Mean 

angle.*.. 

0 21 

±.00 

'. - .... 1 

Mean difference, 


VOL. II. 


M M 
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ANGULAR MEASURES OP TOE DIAL, 


PLACED AT THE DISTANCE OF NEARLY A MILE, TAKEN RY A TELFSCOPE OF 76 25 INCHFS FOCAL 

LENGTH, AND 4 > APLRTURL 


Micrometers used* 


Spidcr* 9 -linc miorometor *.* . 
Dioptric micrometer by Jones** 
Dioptric micromctci by Dollond 
Dynameter, useda^ a micrometer 
Rodion'smotliorlj Prism I 

2 I » I*» 

3 *» < 

4 * * 

Cuneiform micrometer, Wedge « 

h 

Ocular imcroineter, Prism I"* 

2 « 

2 >4 

3 * 

4 




So)oi 

Powei 




Dlffeicncc 


Moasut 0 

Reduction 

Angle* 

from ttiL 
Mean 

Rcmniks 

70 

0 m 

JXIX 6 

0 30 

+ 18 

Single observation* 

OD 

0 70 

§ XXXII 13 

0 50 

+ 30 

Ditto 

54 

0 30 

1 012XTub III 

« 77 


Ditto 

150 

0 003 

1 012 X Tab. IV 

C 01 

32 

Ditto 

104 

0 80 

§ XXXVII 1<) 

8 74 

- 40 

Ditto 

104 

0 63 

Ditto 

0 25 

+ 02 

Ditto 

104 

0 40 

Ditto 

: 0 18 

- 06 

Ditto 

05 

0 305 

Ditto 

0 48 

+ 26 

Ditto 

104 

0 47 , 

§ XXXVIII 24 

0 30 

■■El 

Ditto 

104 

0 20 

Ditto 

0 34 

+ 11 

Ditto 

01 3 

Lens 4 

Tab IV p 229 

O 13 


f *Po*ilion 36, in Tab I 

1 p 220 

143 7 

Lens 3 

Ditto 

0 28 


Position 26, in Ditto 

143 .Q 

Lens 2 

Ditto 

0 20 


Position 66, m Ditto 

180 2 

Lens 1 

Ditto 

0 44 

-- 21 

Position 80, in Ditto 


Lens 1 

Ditto 

f) 23 


Position 4, in Ditto 

Mean niiglo ... , m< 

D 23 

± 13 

_ 

Mean dilFerenco I 


a. ANGULAR MEASURES OF THE DIAL, 


PLACFU AT THE DISTANCE OP NPARliY A MILL, TAKLN BY A TELBSCOPD OF fi7 <) INCHES POGAL 

lA'NGTK, AND 3 To APERTURE 


Micrometers used 

Solar 

Povfci 

Hoasiirc 

Rcduolion, 

Angle 

RinVrc]icc 

fi om tile 
Mean 

RomaiKs 

SpnWa-linc micrometer,** , 

00 

0 36 

2 ICXTab I 

10 32 

+ 1 IB 

Before and belnnd f ore 

Dioptric micrometer by Jones* ♦ 

70 

0 065 

2 10 X Tab II, 

8 51 

^ 03 

Btfoi 0 and boliind mo ; 

Dioptric micromotor by Dollond 

4B 

0 30 

2 lOxTab in 

0 33 

4" 19 

Before and behind *fioro 

DyamiiiBtcr,iisedasa micromotei 

138 

0 16 ± 

: 2 IGxTab, IV 

0 20 

+ 00 

Vision imperfect 

lioohon's method^ Prism 1* * *, 

1 02 

0 72 

2 10 X Tab V 

8 88 

20 

Vision better 

2 H 1 

02 

0 43 

2 10 X Tab VI 

8 47 

67 

Ditto 

3,) , 

02 

0 31 

2 10 X Tab VII 

8 04 

~i 10 

Ditto 

1 4 til 

68 

0 23 

2 10 X Tab VIII 

9 83 

4^ 60 

Ditto 

ICuneiform micrometer, Wedge o 

82 

0 88 

2 10 X Tab IX 

0 14 

00 

Measure diflicnlt 

1 ^ 

)i 02 

0 23 

2 lOxTab X 

8 86 

^ 48 

Measure more diihcuU 

lOcular micrometer, Prism 1 *, 

07 0 

Lena 4 

032"6*-. 07 0 

8 48 

+ 34 

Position 4 

1 

90 9 

Lens 3 

032 6 - 90 9 

0 16 

+ 01 

Position 113 

1 ^ * 

130 8 

Lons 2 

1330 4 -139 *0 

9 61 

+ 37 

1 Position 24 

1 3 * 

184 4 

Lens 1 

1760 7 — 184 4 

9 49 

-h 35 

Position 66 

1 

Mean angle. 

• • ♦• 1 «*f 1 t « ■ti 

9 14 

± 227 

Mean difference 
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9 . In making the six pieceding senes of obseivations wo could not avail ourselves of Dol- 
lond's object-glass micioinetei, because it is adapted to a sraallei telescope, not of his spherical 
pnsin, because the gieatest angle it will measuic was too small. With lespect to the catoptric 
miciomctei, we could not procuie one , and the binoculai was not attempted, as being found 
liable to give results depending on the state and management of both eyes, that lequiio some 
piacticc to legulato, and as being intended only foi observations of veiy small stais that will 
not beai illumination, which conditions apply also to the lamp-inicioinetei. Di. Brcwstci’s 
patent miciomctei is not competent to ineasmc vciy small angles, even if it had sufllcient mag¬ 
nifying powei ; and the reticulated diaphiagins and anniiLu oi cucular micioinetcis at c adapted 
to deteimiiic the measuic of an aic fiom the tunc m which some motion is peifoimed by the body 
obseived, otheiwisc we should have had all these difl’oi cut appendages applied to our telescopes. 
If it should be leraaiked that the laigc telescope does not exceed in accuracy the two smallei 
ones so much as might have been expected, it must be recollected that thelhiee instiuments are 
equally peifect in then constiuction, and diffei only in the powcis they possess of pioducing a 
laigo and luminous image well defiiiccl * m measuicments of this kind, as an nicicase of raagni- 
lying power is accompanied with a coiiesponding decrease of light, as well as ol’ nidisUnctncss 
at the edges of the object, the magnifying powet may bo earned too far to be useful} the mam 
object IS to have an image laige and distinct enough to admit of moasiiiemcnt. In tlie fust po. 
sition at 332 yaids the dial was well seen, and sufflciently huge to be conectly measmed by 
any of the telescopes, which theieforc at that distance agree in a surpiising inannci j but at the 
greater distance of 1709 yaids, 01 at somewhat moic than five limes liie firat distance, the m- 
tensity of light was diimiuslicd inoic than twenty-five times, and hcie the advantage of superioi 
powei and light was manifest, tliough the dial was still visible in full day-light to the smallest 
telescope The cuived face of the dial piovcd to be uiifavotnable to the accinacy of the ob¬ 
servations, by dispeising tlie light so as to icndoi the ciicumfcicncc loss luminous Ilian the 
ccntial poiUon, which, with some of the miciomeleis, paUiculaily those that have divided 
lenses, icndoied the contacts somewhat dubious at the gicatoi distance, especially when the 
smallest telescope was used. On this account wc detorminod to raensiuc the bicadth of a 
single pane ui a blank window, having a black gioimd inclosed by foiu white boiiiidaiy lines 
Uke those of a model 11 sash, and the following losultnig measui cs taken by oui hugest tele¬ 
scope will show what confidence may be placed 111 its powois, when oniploycd undei favouiublo 
ciicumstances. 


Ml 


mm2 
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10 ANGULAR MEASURES OF AN OBJECT, 

SEEN AT THE DISTANCE OF 1709 YARDS, TAKEN BY A TELESCOPE OF 14S .0 INCHES FOCAL LENGTH AND 8.0 

INCHES APERTURE 


Allorotncftira nsocli 

8olor 

Poweis 

JMoafturoi 

Reduction 

■ 

AnglOt 

Diffci enco 
fiom lliG 
Alcnii 

Rommka 

iSnitlor'e-lmonucrometDr . 

140 4 


Tab I 

31 

01 

A mean of sovoral 


170 


Tab II 

27 26 

^ 05 

Ditto 


104 


Tab III, 

27 34 

+ 01 

Ditto 


soo 


Tab IV 

27 21 

- 00 

Ditto 


200 


Tab. V 

27 31 

+ 01 

Ditto 1 

2. ... 

200 


Tab VI 

27 30 

+ 00 

Ditto 1 

8 M M 

200 

2 27 

Tab Vir 

27 20 

- 01 

Ditto 1 

4 .. 

120 


Tab VIII 

27.30 

00 

Ditto 


200 

2 63 1 

Tab IX 

27i33 

+ 03 

Ditto 

h 

200 


Tab X 

27 26 

— 04 

Ditto 


200 


Tab XI 

27 32 

+ 02 

Ditto 

Oouint^ )nioroinctcri Prism4 » 

173 7 

lens 4 

Tab IV 1) 220X2 

27 20 

01 

Position 43 Tab XII 

Ocular wedges mmmom 

146 .0 

lens 4* 

8077" 6—146 0 

27 32 

+ 02 

Position 03 Tab XI1 

Not nuciometcr,* it mmmmim 

211 


X7.00(=F) 

27 30 

.00 

Vm J 26". 18 3q[uareB 

1 

flu 

a 

, xO-llIsF) 

27 38 

+ 03 

Pos 02Tab p 132 X1 012 

1 



BIcan Anglo .. mm* 

27 30 

± 0133 

Mean cbftcreiica | 


11 . "When the ocular mici ometei was used with its pi:sm4, having the iaigest constant 
angle, its greatest measure did not extend much beyond one-half of the pane, which fbimetl 
the object, on which account it was bisected by estimation, and tlie resulting tabular ineasuie 
was doubled tlius, 13“.64<5 x An estunation of ono-half of a small object is capable 

of gieatei accuracy than an inexpeuenced obseiver may imagine, foi the appaient difPcience 
of two halves is afPected by the slightest quantity + oi —, as we may peiceive fioin the use of 
a leading miciometei, that has a fine line bisecting a small angle with raoie accuracy, than if it 
weie placed ovei a dividing stioke. 
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12 . MICROMETRICAL TABLES 

ADAPTED TO A TELESCOPE OP 145 0 INCHES FOCAL LENGTH 
TABLE I TROUGHTON'S &PII)ER’.S-LINE MICROMETER 





RnvoiiU'MONS 






PAH'JIB or A Rl VOLUTION 


1 

0' 

13" 

66 

21 

4' 

40'^ 

76 

1 


11 1 

21 

2'^ 

87 

41 

6" 

00 

61 

0'^ 

,33 

81 

U" 

05 

2 

0 

27 

01 

22 

6 

0 

.41 

2 

0 

27 

22 

3 

00 

42 

6 

.78 

02 

8 

16 

82 

11 

19 

a 

0 

40 

96 

28 

6 

14 

00 

8 

0 

41 

2a 

8 

14 

4a 

5 

07 

03 

8 

.00 

83 

11 

33 

4 

0 

64 

02 

24 

5 

27 

72 

4 

0 

ba 

21 

3 

27 

41 

6 

mm 


0 

78 

8t 

11 

4(1 

5 ' 

1 

8 

27 

25 

- 

6 

41 

07 

B 

0 

08 

26 

8 

4! 

45 

0 

14 

Ui) 

8 

87 

85 

11 

(JO 

Mi 

1 

21 

03 

26 

6 

66 

03 

B 

0 

82 

20 

3 

66 

40 

6 

27 

60 

0 

.00 

8(1 



EM 

1 

35 

68 

27 

0 

8 

08 

^9 

0 

90 

27 

3 

68 

47 

0 

4J 1 

67 

9 

] 1 

87 



0 

1 

49 

24 

20 ' 

6 

22 

34 

0 

1 

09 

28 

3 

tl2 

48 

(J 

55 

08 

9 

28 

88 



9 

2 

2 

80 

29 

0 

86 

99 

9 

1 

23 

29 

a 

90 

49 

0 

00 

69 

0 

.42 

00 



10 

2 

10 

66 

30 

0 

49 

,06 

LO 

1 

87 

ao 

4 

10 

60 

6 

H3 

70 

9 

60 

00 

12 

.20 

11 

2 

30 

20 

81 

7 

3 

ao 

11 

i 

61 

31 

4 , 

,23 

61 

6 

90 

71 

9 

60 

01 

12 

43 

12 

2 

43 

80 

32 

7 

16 

00 

12 

1 

64 

32 

4 

37 

62 

7 

10 

1 

0 

83 

92 

12 

67 

13 

2 

67 

61 

38 

7 

80 

OJ 

la 

1 

78 

88 

4 

61 

63 

7 

23 

73 

9 

96 

03 

12 

70 

14 

3 

11 

17 

84 

7 

44 

.27 

14 

1 

02 

34 

4 

64 

61 

7 

37 

71 

10 

10 

01 

12 

84 

15 

3 

24 

,82 

36 

7 

67 

02 

16 

2 

.05 

36 

4 

78 

66 

7 

.61 

76 

10 

23 

06 

1 

12 

07 

](J 

3 

38 

48 

30 

8 

11 

68 

16 

2 

19 

30 

4 . 

02 

■'m 

66 I 

7 

.34 

70 

JO 

.07 

96 


,11 

17 

3 

62 

10 

37 

0 

26 

23 

17 

2 

33 

37 

5 

06 : 

67 

7 

78 

77 

10 

61 

07 


.21 

IB 

4 

5 

70 

88 

8 

30 

89 

18 

2 

40 

m 

6 

tm 

58 

7 

92 


JO 

OJ 

OB 


80 

10 

4 

10 

44 

39 

8 

62 

64 

JO 

2 

00 

89 

6 

03 

69 

8 

06 


10 

78 

00 


.62 

20 

4 

33 

10 

40 

0 

0 

20 

II 

20 

2 

70 

40 

6 


(JO 

8 

10 

80 

10 

92 

190 


.05 


TABLE II. DIOPTRIC MICROJIBTER BY T JONES 


Bbvoluiions 






PaHTH 01 

A IllVOLUl’ION 






1 

1' 

11“ 

7 

1 

0" 

73 

ai 

irv' 

06 

I 

11 

29 

40 

61 

43“ 

74 

81 

50' 

' 08 

2 

2 

23 

.4 

2 

1 

48 

22 

16 

77 

42 

30 

11 

02 

41 

, 46 

82 

c>n 

79 

8 

3 

85 

1 

3 

2 

i6 

23 

16 

10 

4a 

30 

83 

08 

46 

J7 

83 

69 

61 

4 

4 

16 

8 

4 

2 

87 

21 

J7 

21 

41 

31 

66 

04 

46 

09 

81 

00 

23 

6 

6 

68 

5 

6 

3 

68 

26 

17 

93 

45 

32 

27 

66 

40 

00 

; 86 

60 

j 

.. ■ 

91 1 

0 

7 

JO 

2 

6 

4 

30 

i m 

18 

61 

46 

82 

08 

66 

47 

32 

80 

OJ 

m J 

7 

8 

2L 

0 

7 

6 

02 

27 


36 

47 

33 

.70 

67 

40 

04 

87 

[ (J2 

SO 1 

0 

9 

33 

6 

8 

6 

74 

; 211 

20 

08 

48 

31 

42 

00 

48 

70 

88 

OJ 

10 1 

0 

10 

46 

.8 

0 

0 

45 

21) 



49 

86 

13 

69 

49 

47 

89 


81 1 

10 

11 

67 

0 

10 

7 

17 

30 

21 

61 

50 

36 

85 

70 

60 

.10 

90 


63 1 

11 

13 

8 

7 

11 

7 

00 

31 

22 

28 

61 

00 

67 

71 

50 

.01 

91 

06 

m\ 

12 

14 

20 

4 

12 

0 

00 

32 

22 

94 

62 

87 

.20 

72 

61 

.02 

02 

bb 


13 

16 

32 

1 

13 

0 

32 

33 

23 

00 

63 

38 

00 

70 

52 

,34 

93 



14 

10 

43 

8 

14 

10 

04 

3i 

24 

30 

64 

38 

.72 

74 

63 

,00 

04 


IBI 

16 

17 

65 

6 

16 

10 

70 

36 

26 

10 


39 

44 

76 

63 

,77 

06 


12 

10 

ID 

7 

1 

16 

11 

47 

36 

26 

81 

66 

40 

16 

76 

64 

1-1 l-n ^ 

49 

00 

60 

83 

17 

20 

10 

0 

17 

la 

19 

37 

20 

63 

67 

40 

87 

77 

55 

.21 

07 

00 

66 

18 

21 

30 

.6 

18 

12 

91 

38 

27 . 

25 


41 

69 

70 

66 

03 

08 

70 

27 

19 

22 

42 

3 

10 

13 

02 

30 

27 

06 

50 

42 

80 

79 

50 

.O-l 

90 

70 

.08 

20 

23 

64 

0 

20 

14 

34 

40 

20 . 

60 

1^ 

43 

.02 

00 

67 < 

,80 

100 

71 

.70 1 
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EXPERIMENTAL COMPARISON OF SEVERAL MICROMETERS 


TABLE III. 


TABLE IV 


TABLE V 


Dioptric MionoMBTEu air 
G DoiiJ-ONO 


..—j 

liictie&i 

Tcjitlis. 

HiiJi 

(IrecUIis 

1 

0' 

14" 

'39 

r 

44 



1 a 

0 

28 

71 

2 

80 , 



3 

0 

43 

.10 

4 

32 



4 

0 

67 

55 

5 

78 1 

0 

68 

5 

1 

11 

94 

7 

19 

0 

72 

e 

1 

20 

32 

0 

03 

0 

88 

7 

1 

40 

71 

10 

.07 

1 

01 


1 

50 

10 

11 

61 

1 

16 

0 

2 

0 

40 

12 

06 

1 

30 1 

10 

2 

23 

.87 

14 

39 

1 

44 1 


DyNAMETRR AB A MlOROMIiTIin| 


Divisions 

Ten til s 

Hnn 1 
(Ireiltlisl 

1 

0’ 28" 30 

2" 04 

0"<28 1 

2 

0 SO 70 

6 00 

0 67 1 

3 

1 26 15 

0 62 

0.06 1 

4 

1 63 63 

11 36 

1,14 1 

5 

2 21 01 

14 10 

1 42 1 

8 

2 60,29 

17 03 

1 70 1 

7 

8 10 07 

10 07 

1 99 1 

0 

3 47 00 

22 71 

a 27 1 

0 

4 16 44 

26 64 

a 66 1 

10 

4 48 82 

20 30 

2 04 1 


Roohon’b Pbibm 1 



Iiiohoa 

■ _ - 

Tenths 

Hun 

drodUis. 

1 

6" 

7J 

0" 

67 

o".oo 

2 

11 

42 

1 

14 

o.u 

3 

17 

13 

1 

71 

0 17 

4 

22 

86 

2 

28 

0.23 

6 

28 

60 

2 

06 

0 20 

0 

34 

27 

3 

43 ' 

0 34 

7 

39 

99 

4 

00 

0 40 

0 

46 

70 

4 

67 

0 40 

9 

61 

41 

6 

14 

0 61 

10 

67 

13 

6 

71 

0 67 


TABLE VI 


RooitON'fl PuiaM 2 1 

- 1 

Indies 

Tenths 

nun 1 

iliciUlis 1 

1 

0'J2 


MRSI 

2 

10,24 


1 

3 

27.30 

2 74 


4 

38 48 



5 

45 81 



0 

64 73 

6 47 


7 

88 86 

nsyn 


8 

72 07 

EES 


9 

02 00 

8 21 

0 82 1 

Ll_ 

01 22 




TABLE VII 


1 Hoojion's Pni8M 3 I 

H, . - . m — -■ ■ -_H 


Inches, 

lendis 

Him 1 
(Ircclths 1 

1 1 



0'^ 12 1 

1 2 

24 02 : 


0 24 j 

1 ^ 



0 30 1 

1 4 



nKM 

1 ^ 




1 ^ 


7 2J 

E|S 

1 7 


mmm 


1 8 


l^ml 

■JMfIJf 

1 ^ 

100 09 


BIHuiS 

1 10 

HW 


lliillllBlHUllHj 


TABLE VIII 


1 KoonoN^s Pnisjc 4 



Inches 

Tenths, 

IfflU 


ltf'26 

1''03 

O'lO 

1 ^ 

32 61 

3 25 

0 32 

1 3 

48 70 

4 00 

0 40 

1 ^ 

06 02 

0 60 

0 05 

1 ^ 

Cl 27 1 

0 13 

0 01 

1 0 

07 63 

9 76 

0 07 

7 

113 78 

11 38 

1,14 

8 

130 04 

13 Otf 

1 DO 

1 ^ 

140 20 

14 03 

X 40 

1 

182 66 

10 26 

1 01) 


TABLE IX 


'. 

Wkpob a 

■ 


Inches 

Tenths 

Bun 1 
Otedtlia 1 

1 


SBiBl 

0'111 

2 


2 17 

0 22 1 

1 ^ 

32 63 

3 26 

0 33 1 

1 ^ 


4 34 

0 48 1 

1 6 

64 22 

6 42 

0.64 1 

1 ■KSj 



0 05 1 

1 7 1 



0 70 1 

1 0 



0 07 1 

g 9 



0 08 1 

1 10 



1 08 1 


TABLE X. 


Wfbgl b 


Inches 

Tenths 

lltin- 

drctlUts. 


17'.47 

1"76 

Wm 

1 ^ 

34 01 

3 40 

D|9 

1 3 

62 41 

6 24 


1 ^ 

30 00 

G 99 

0 70 

1 ^ 

07 35 

3 74 

0 87 

1 0 

104 02 

10 40 

1 05 

1 7 

122 29 

12 23 

1 22 

1 ^ 

180 70 

13 98 

1 40 


167 23 

16 72 

1 67 


174 70 

17 47 

1 76 


1_ I 


TABLE XI 


1 WjRmB£t a^h 1 


Inches 

Tenth? 

IIllM* 

(ticdilis 


20" 31 

2'83 

0"2B 

1 ^ 

60 03 

6 00 

0 67 

1 ^ 

84 04 

0 40 

0 86 

1 ^ 

118 20 

11 33 , 

1 la 

1 ^ 

141 67 

14 10 

1 42 

0 

109 09 1 

10 00 

1 70 

7 

100 20 

10 02 

1 90 

0 

220 51 

22 06 

2 27 

9 

26‘1 03 

26 4U 

2 66 

1 

283 14 

20 31 

2 oa 







EXPERIMENTAL COMPARISON OP SEVERAI. MICROMETERS 


TABliE XII. 

THE MAGNIFYING POWERS OF A VARIABLE EYE-PIECE, 

WITH FOUR SEPARATL EYE LENSES, AND A CIRCLE FOB POSITIONS, USED WITH A TELESCOPE OP IIC 

INCHES FOCAL LENGTH 





Eyh- 

•LI 

■■■ ■ ‘ 

wars 





Kyl 


a 






Kyi 

I. 

1 N81 

B 



Scnto 

1 

2 

8 

4 ' 

ScrIq 

1 

2 


3 

4 

Siulo 

k 

1 

2 

3 

1 



505 

5 

341 

0 

307 

3 

106 

i 

, 42 

BBIS 

299 

2 

208 

2 

174 

2 

84 

800 

9 

250 

8 

229 

1 

152 

»0 


603 

0 

310 

6 

300 

4 

106 

1 

43 

434 6 

298 

2 

267 

3 

173 

7 

85' 

365 

2 

255 

li 

223 

2 

152 



602 

2 

339 

0 

305 

5 

101 

6 

44 

432 9 

i207 

2 

200 

4 

178 

2 

80 

363 

0 

254 

7 

227 

3 

151 

7 


500 

5 

338 

c 

304 

5 


1 

45 

4Ji 2 

206 

2 

206 

4 

172 

7 

07 

301 

9 

, 263 

7 

220 

3 

151 

2 


400 

0 

337 

0 

303 

6 

193 

0 

40 

420 0 

205 

1 

264 

6 

172 

3 

88 

300 

3 

262 

7 

225 

< 

4 


7 

5 

497 

2 

330 

0 

802 

7 

fSSi 

a 

47 ' 

427 9 

204 

1 

203 

6 

171 

6 

09 

360 

6 

261 

7 

1^24 

5 


2 

G 

406 

0 

335 

5 

30 L 

7 

102 

5 

48 

420 3 

203 

1 

202 

0 

171 

1 

90 

357 

0 

260 

7 

223 

0 

Htij 

7 

7 

403 

0 

334 

5 

300, 

0 


m 

40 

424 0 

292 

1 

201 

7 

170 

.6 

91 

365 

3 

240 

7 

222 

0 

140 

2 

8 

402 

3 

iI33 

5 

209 

0 

191 

5 : 

50 

428 0 

201 

1 

200 

8 

170 

1 

92 

860 

7 

248 

7 

221 

7 

14B 

7 

m 

400 

0 

332 

5 

299 

0 


i 

51 

421 3 

200 

1 

260 

9 

109 

0 

03 

362 

0 

247 

7 

220 

8 


2 

10 

400 

0 

331 

.5 

200 

0 


6 

52 

410.7 

289 

1 

2uQ 

0 

100 

1 

01 

350 

4 

240 

7 

210 

8 

147 

7 

11 

487 

3 

330 

5 

297 

i 

RQ 

0 

53 

418 0 

200 

1 

258 

,0 

168 

0 

95 

318 

7 

246 

7 

218 

9 

147 

2 

12 

406 

71 

329. 

.5 

200, 

,2 

HhiI 

5 

54 

410 4 

207 

1 

267 

1 

100 

1 

90 

3)7 

1 

214 

0 

210 

0 

140 

0 

13 

EMI 


328 

5 

206 

2 

180 

,0 

55 

414 .7 

286 

1 

260 

1 

107 

6 

, f)7 

345 

4 

213 

6 

217 

1 

14(1 

1 

14 

imS 

4 

827 

5 

294 

3 

108 

5 

60 

413 .1 

205 

0 

265 

2 

167 

0 

98 

tU3 

8 

212 

0 

210 

1 

145 

6 

15 

400 

7 

326 

5 

293 

4 

100 

0 

67 

411 1 

201 

0 

251 

3 

1(10 

5 

09 

312 

1 

241 

fl 

215 

.2 

115 

1 

10 

470 

1 

325 

4 

202 

4 

107 

4 

58 

409 8 

2)13 

0 

253 

3 

166 

0 

iOO 

34i) 

5 

210 

6 

214 

3 

144 

a 

17 

477 

4 

324 

1 

201 

5 

180 

9 

59 

408 1 

202 

0 

252 

4 

105 

6 

, 101 

338 

8 

230 

6 

213 

4 

144 

L 

18 

175 

8 

323 

4 

200 

6 

186 

4 

60 

400 6 

281 

0 

251 

5 

106 

0 

102 

337 

*1 

238 

6 

212 

4 

143 

0 

10 

__ 

474 

1 

322 

4 

200 

If > 

0 

106 

9 

01 

404 0 

200 

0 

250 

5 

161 

5 

103 

835.5 

237 

6 

211 

5 

113 

1 

20 

472 

5 

321 

4 

280 

7 

106 

4 

62 

403 2 

279 

.0 

249 

M* 

.6 

164 

0 

101 

333 

0 

236 

■ *«ii ^ 

6 

210 

0 

Mm 

112 

.6 

21 

470 

8 

320 

4 

287 

8 

i04 

.0 

63 

401 5 

278 

0 

210 

.7 

103 

5 

105 

382 

2 

236 

6 

200 

G 

142 

,i 

22 

4G0 

2 

319 

4 

200 

8 

184 

4 

64 

300 0 

277 

0 

247 

7 

103 

0 

106 

380 

6 

231 

6 

200 

7 

141 

6 

23 

407 

5 

3in 

4 

206 

0 

10.1 

9 

65 

300 2 

270 

0 

210 

8 

162 

5 

107 

028 

9 

233 

i6 

207 

0 

111 

0 

. 24 

105 

0 

317 

♦4 

206 

.0 

183 

4 

66 

306 6 

274 

9 

216 

.0 

161 

D 

100 

327 

3 

232 

5 

200 

8 

140 

5 

25 

404 

2 

016 

4 

284 

0 

102 

9 

, 97 

394 0 

273 

9 

244 

0 

101 

4 

109 

825 

0 

231 

5 

205 

9 

140 

6 

20 

402 

0 

3L6 

3 

283 

1 

182 

3 

' 68 

303 3 

272 

9 

244 

0 

100 

9 

110 

324 

*0 

230 

6 

205 

(1 

139 

5 

27 

400 

0 

814 

3 

202 

2 

,101 

0 

69 

301 0 

271 

9 

243 

•1 

160 

4 

111 

822 

3 

220 

5 

204 

*0 

139 

U 

20 

460 

3 

313 

3 

201 

2 

JOl 

3 

70 

300 0 

270 

9 

242 

2 

169 

0 

112 

320 

0 

220 

*5 

208 

1 

138 

5 

20 

457 

0 

312 

3 

200 

3 

M- i 

100 

8 

71 

388 3 

260 

0 

241 

2 

160 

♦4 

113 

318 

9 

227 

6 

202 

2 

138 

0 

30 



311 

3 

270 

4 

100 

3 

72 

300 7 

200 

D 

210 

3 

360 

*9 

114 

KIH 


, 220 

5 

201 

3 

137 

(5 

31 

454 

3 

310 

3 

278 

4 

170 

0 

73 

306 0 

267 

9 

289 

4 

150 

4 

1)5 

Kim 


226 

8' 


3 

137 

Ell 

32 

452 

7 

309 

3 

277 

5 

170 

8 

74 

303 4 

206 

0 

230 

4 

167 

9 

110 

314 

1 

224 

4 

199 

4 

180 

4 

33 

451 

,0 

800 

3 

270 

G 

170 

8 

76 

381 7 

206 

9 

287 

5 

157 

4 

117 

,312 

4 

223 

4 

100 

)6 

135 

9 

1 34 

449 

4 

307 

3 

275 

0 

170 

3 

76 

300 1 

264 

0 

206 

.0 

160 

0 

uc 

810 

8 

222 

4 

107 

5 

13t> 

11 

1 36 

447 

7 

300 

3 

274 

7 

177 

0 

77 

378 4 

263 

0 

236 

7 

156 

3 

119 

300 


221 

4 


6 

184 

9 

36 

446 

1 

806 

2 

278 

8 

177 

2 

78 

370 0 

262 

8 

234 

7 

155 

8 

120 

.107 

♦6 

220 

4 


7 

134 

4 

37 

' 444 

4 

304 

2 

272 

8 

170 

7 

70 

376 1 

201 

8 

238 

0 

156 

3 

121 

305 

0 

210 

t! 

194 

7 

138 

B 

30 

442 

0 

303 

2 

271 

0 

176 

2 

00 

373 6 

200 

8 

232 

9 

164 

8 

122 

004 

2 

210 

41 

108 

8 

138 

0 

30 

441 

1 

302 

2 

271 

0 

175 

7 

81 

371 8 

,259 

8 

202 

0 

154 

3 

123 

302 

.5 

217 

4 

MM 

0 

132 

B 

, 40 

430 

5 

301 

2 

270 

1 

175 

2 

82 

370 2 

,268 

8 

231 

0 

150 

0 

124 

300 

9 

210 

4 

1191 

9 

132 

3 

41 

437 

*8 

300 

2 

260 

2 

I7t 

7 

83 

|800 6 

257 

♦0 

230 

1 

'163 

3 

125 

209 

2 


B 

191 

B 

131 

8 
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ON CLAMPS AND TANGENT SCREWS 


§XLVI ON CLAMPS AND TANGENT SCREWS [Platp IV] 

1 . Ik descnbing the vaiious miciometeis that have fallen undei our notice we have purposely 

passed in silence ovei those appendages of the telescope, which lelam it in a given position, 

and which affoicl the convenient means of giving a slow motion in any diieciion that may be 

leqiined This desnable puipose is accomplished ficquently by a lacked wheel and endless 

scievv, by a wheel and pinion, oi by a pinion and lacked bai, all which aie contuvanccs of 

common occunence, that need no paiticulai explanation but when the obseivation icquires 

a veiy slow and delicate motion, the tangent sciew, in conjunction with a clamp of some kind, 

IS found the most safe and commodious mechanism foi holding one pait of an insUument, 

while motion is impaifccd to anothci m a smooth and giadual manner We have theiefore 

leserved oiu account of clamps and tangent sciews to be given in a sepaiatc section, which 

mode of descnbing will save the tiouble of lepeated details lespecting tins impoitant pait 

of themoic complex msliumcnts, when they piesent themselves in then tiinis to oiu atten* 

tion Clamps consideied singly, and applied mciclyto the secuie fixing of an instrument in 

a given position, may bo of any shape oi sticngth that the woik it has to peifoim may leqinre, 

and the mecliainc employed vnll novel be at a loss how to piocecd with the founation of his 

mateiials, and application of his clamping screw, but when an adjustment to the position, oi 

an equable steady motion is moieovci to bo effected by mechanical means, he will do well to 

avail himself of the ingenuity of some mechamst of supeuoi skill, eilhei apiedeccssoi oi con* 

tempoiavy, if he has not suflicient lesoiuces within himself. The astronomei also, who is to 

use an instiument lequning the aid of a tangent-clamp, will be glad to have his clioice duected 

by a compaiativc statement of the diffeient clamping appaiatus that modem impiovements 

have pioducech Tor these leasons we have devoted oui attention, among othei practical 

matteis, to the constuiction of the diffcient contuvances that come undei the denomination 

of clamps, the most useful of which wc will now endeavoui to desciibe m the oidei of then 
piionty of invention 

2. OklClamp, The first clamp, having a tangent-sciew woithy of notice, is that which was 
applied by Gialiam, the Sissons, and Biul to the astiononncal quadiants, that pieceded oui ciicu- 
lai iiisti aments* Asthequadiantiemainecl stationaiy, and the telescope alone moved along the 
giaduated arc, the clamp was necessauly attached to the eye-end of the telescope, and during 
the quick motion of elevation was made to slide along the divided limb of the instiumcnt, in 
conjunction with the vernier indicating the lough measure, A sketch of such clamp is given 
in figures 11 and 12 of onr Plate IV,twhich will suffice to explain its constiuction and mode 
of action, the same Ictteis denoting the same paits A poition of the quadranPs limb lies 
between the lotteis a and by to winch the clamping plates c above and c below, forming a hold* 
fast, are ^screwed occasionally by the sciew d with a milled head visible in both figmes; e shows 
the eye-end of the telescopetube, lying at right angles to the curve of the limb, and having 
its centre of motion at the centre of the curve , g Ais a metallic axis, with a milled head, turn* 
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ing in a tapped ball m, made fast to the clainping-plalc c , the 1 emote end h of this tangental 
axis IS foiined into a scicw, acting in a spheiical nut i attached to the Iclcscopo’s tube A, hold¬ 
ing the cye-picce /; the axis has a shouldci at each side of the fixed ball »i, and cannot ic- 
codeoi advance by the opciation of the sciew, theicfoie the eye-end of the telescope obeys 
the foice applied by its action, and appioachcs the clamping scicw ^/giadiially, as thetangent- 
sciow icvolvcs, caiiying with it the ainiexod voiiiioi-platc 11 0 , in contact with the giaduatcd 
quadiantal aic, thcieby indicating ininiitcs of a degieo. The tapped nut t, in which the sciew 
on the axis acts, has a ciiciilai motion lound a pivot, that accommodates the tangental position 
of the sciew, as it icgaids the clamp, which is favouiablc to its quick motion, when the damp- 
ing-scicw IS leleasod, but 111 some quadrants which we have examined, long usage has leti'^ 
delcd the litlings vciy impel feet In qiuuliants of a laige ladius the end g of the tangent* 
sciew, has a small ciiculai plate divided so as to subdivide the mmiitc into small poi lions of 
g", 5”, 01 10", as the uulius will allow, winch quantities aic ludicalcd by a fixed poinlei. but 
as tins sciew has to sustain and pull all the weight of the picpondcialing end of the telescope, 
the thicads of tlic screw in long use make huge indcnlalions in the nuts, and become loo loose 
to be scivicoable in giving small additional mensiuos, and ihoicfoio this mclliod of leading is 
vciy piopeily discontinued. Tlic two scicws j) and q, seen iindoi figiiic 12, attach an elastic 
slip ofbiass to the vcimci-plalo, which, by being boni, applies its lemotc ends to the undei face 
of the limb, and pioduccs picssuto enough to logulate the unifoiimty of the vornici’s fouvaid 
motion, pioduccd by the action of the tangental sciew, but has not the cfTcct of pteventing a 
loss of inoUon in the commencement of a icliogiadc icvolulion of tlic sciew. In tins appli¬ 
cation of a voi 11101 plate, the middle pail is so coveied by the telescope, that it has ficquoiilly, 
as in om figiiic 11, two vcimei-scalos, one of which loads the nnmUcs on the aic of excess, 
when the obseivation is made iicai oilhei the vciiilh 01 hoiinon, as the case may be. 

.3. 2'he common Clamp —Tlio hgiiics l‘J, i'j, and 15, pieseni difieieiit views of an ouluiaty 
sextant clamp, which is also sometimes applied to ciicuhu insliumontH. I'lgiuo Id is a icpicsenla- 
tiou of the pails seen in connexion with the icvoisc face of the limb, having no graduations , 
figuie 14' .shows the same parts as seen when the clamping sciew and fiiction spiing/'aio detach¬ 
ed, and figiiic 15 oxliibils a laloial vioviT to an eye diioctcd lowauls the conlic of the lusliu- 
ment. To picvcnt confusion in oui dcsciiplion of this clamp, we will adopt the same Ictleis of 
lefoicnce, which wc have used foi cxjilaimng its picdccossoi, and will apply tlicin, as beloio, to 
the samepaiIs in each figuic. The leading fealincs of diflcionccin the two clampsiuo, that the 
clamping plates cmbtaco only the cuciiinfciencc of the limb, and that the clamping takes place 
at the middle of thcvcimci’s scale, in the apparatus now bcfoie ns, wlicieas, in the older clamp, 
one of the plates embinccd the whole bicadth of the limb, and was clamped at such a distance 
fiom the vcinioi-plate, as admitted of disloitions in then lelative positions, m the act of clamping 
or of unclamping. In this common clamp the pails aio moie compactly united, but still the 
bciew has the same woik to peifoim, and the fiicUon opposed to its action will sometimes in- 
teifeie with the uinfoim smoothness of the veinior’s motion, which is its puncipal objection. 
Inliguies 13 and 14 the cxticme end of the ladial bai, usually called the voniici-bai, tcimi- 
nates with a foik, o\ci which the two ends of tiic tangonl-sciew’s axis lie, and liaim each a 
milled head foi the convenience of the obseivei, who may thus use either hand, as may bo most 
convenient. The clamping-plate c has its sides foimed of paiallcl cuives which confine it to 
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move between the extenoi edge of the limb ah, audanedge-bai rs, which comicclb theextieme 
enda of the folks alicady mentioned, and the space it can move ovci by the langont-sci cw js 
limited by the distance between the folks . at the middle of this clamping-plate t, a pait of the 
iiinei edge of which lies over the outei edge of the giadualcd face of the limb, theie is a 
squaie notch foiming a bed foi the second clamping-plate c‘, winch takes hold of the uudci 
face of the limb, as seen in fignic 14-, and the clainping-sciew d, passing tluough the hole 
made in this small plate c, enteis and acts ivilh the tapped hole made in the plate c, so that 
turning this scicw foiwards 01 backwaids wdl fix oi lelcase the veiniei m icgaul to its con. 
nexion with the limb. The spheiical luit in is scicwed fast to one of the folks of the vernier 
bai, and the similai nut i is in like manuci made fast to the clamping-plate c, theicfoio wlien 
the piece c is clamped to t!ie hmb, and the langent-scicw turned in oithci diicclion, by one of 
the milled heads, g 01 h, the voiniei must ncccssaiily move in the same ducction, accoidingly 
as the two spliencal nuts appioacli 01 lecedc from one anotlici by tlic slow motion. But when 
the clamping-scicw d is lelcascd, the veimci is at hbeity to he pushed by a quick motion to 
any lequued position, in winch it may bo fixed, and tlion finally adjusted by the slow motion 
of the langent-sciew, as the observation may icqime. A poition of the giaduatod face of the 
limb is lepiesentcd by figiuc 19, togothci with the scale of the vcnnoi attached to a similar 
clamp, m which figuio is scon an oblong plate covciiiig the cuds of the veinioi’s finks, to 
which it is fixed by the foui scicws that appeal, a long opening is made Iciigtliwisc at the 
middle of this plate, which allows the filth 01 middle scicw to cntci, that fixes the small 
elastic oblong slip of biass, covciing the opening, to the contiguous damping plalo c, and 
keeps It in its place as the vcnnei moves. The double piessine occasioned by the slip of biass 
just desciibcd, and by the fnction-spungA seen detached at the side offigiucs iS and 14', and 
opposed to the othci’, keeps all the paits oflho clamp compactly in then places, winlo they con¬ 
ceal llie intorioi and acting poi lions of tlic mechanism. 

4'. Clamj) mill BaUs.-~T\\o clamp icpicsonted by figiucs Ifi, I7, and 18, is of animpioved 
consUuction, and is lately brought into use in England by T. Jones and Simms, with some vai i» 
ationsfrom the clamp that has been used on the Continent. In tins constiuction the lapped nuts 
aie not only globulai, hut aie slit halfway through to give elasticity to the fcmalcscrew, and to 
ensure close action, and aio bedded 111 a concsponding concave cup, having a ccutialholc into 
winch a pivot undei the ball enlois, and aflbids the means of self-adjustment to tlic ducction of 
the tangcnt-sciew. In tins clamp the cup foi the ball t is attached to the solid pail of thevci- 
mer bai, as seen in figuio 18, wlicio the ball is displaced to show its pivot, but the cup m' of the 
ball m is placed on the innci end of the clamping poition of the mechanism, seen m its place 
in figuie 17. The cock /, icpicscnled by figine 17> is sciowed to the veiniei-bai by its cap¬ 
stan scieiv, as shown in figuie 16, and thcuppci cup is foimed on Us mfeuoi face, the picssuic 
of which may at anytime be legulalcd by the capstan-sciew, placed near a pan of steady pins 
fixed at the exticme end of the cock, of which only one is visible in the figuie, fin the lower 
face of the ciank is not in contact with the veinicr-bai, except at Us icmote end. Tins adjust¬ 
ment of the picssme of the two cups containing the ball constitutes the pnncipalimpiovement, 
in conjunction with the slit of the ball, foi by then joint means, tlicio is not the least loss of 
motion in the vcunei m changing the direction of the taiigcnt-scicw’s motion, ncithoris 
theie any tendency in such fittings to pioduce jeiks in the motion, to which the older clamps 
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aie inoie oi less liable The clamping-plate c (fig, IC) icccivcs the end of the clamping sciew 
d, which IS below the limb, aflci it has passed thiough the lowei’ clamping-picco not seen, and 
the outei edge of the limb is embiaccd between them, when the scicw is made fast the two 
steady pins, ncai the end of the clainping-sciew, cnsuie the piopei position foi biting. At 
tight angles to this chunpmg-picco, which caiiies anothei cock foi the second cup of the ball w, 
an aim,» s, foimcd by a pair of cucuhu edges, is labbctcd into a gioovc foimcd on the limb, 
which keeps the voiiuci to its place, while the tangcnt-sci cw diaws the ball t, and with it the 
veiniei, towaids the ball j«, by a smooth and uiiiloim motion. If an esticmely slow motion 
weie icquiicd, it is obvious that this appaiatus would admit of the application of a Iluntei’s 
screw. 

5 DoUoneVs Clamp —When the astionomei loyal found some inconvenience in the nso of 
the oidinaiy clamp, as applied by Tionghton to the (lieenwicli onelo, Iho clamp which we dc- 
sciibcd in oiii last paiagiuph (4 ) was siibstituled by T Jones, but still Iheic appealed to be 
room foi fintlici iinpiovomcut, so fai as the fioc motion of the cliclc was concerned, and 
G. Dollond was cinjiloycd to adapt a clamp having a strong spiial spung, which relieves the 
mechanical action ol the sciew Aoin the load which it had to pull in the foimci consluictions, 
andcusuics the immediate obedience of the circle to the least possible turn of the scicw. 
This clamp, which we have called Dollond’s, because it is known by that name at Gieenwicb, 
bonows Its piinciplc fioin an old clamp constiuctcd by llamsdcn, inasmuch as the spung is 
conccined, but the mode of applying it with success may be considcicd as a distinct con- 
tiivance. This clamp is lepicseiited in muiiatuic by the figuics 22 and 28 , the foimei of 
which exhibits the external iqipeauincc, and the lattci a section of it acioss the middle The 
stiorigbiass plate a h is made fast tothcmasoniypcnctiatcd by the axis of the ciielc, and always 
keeps its stalion • to this plate two stiong bcainig pieces ni aud./!uc made fast by scicws cntei- 
mg the concealed face, and caiiy each a tube ol biass, t and I, the lattei of which is icpic- 
sented as being liansp.ucnt, to show the stiong spual spring coiled within it, and the foimci 
has a female sciew loimed within it, to admit and act with the sciew cut on the axis g //, which 
holds a milled nut at each end of it. the two tubes i and I aio made fast to their icspccUvo 
beaiing-piecos m and /,’ and an innci tube e, cnlcis the lallci till it comes in contact with the 
spung. The pieces < and c, as beloio, aie the clamping-picccs which contain the edge of the 
ciicle between thorn, and the sciew d, taking hold of the piece c' diaws it towaids the stiongei' 
piece c, and fixes the ciiclc by making them bite its edge. The four pins seen appaiently 
innling the two pints c and c', not only guide the biting paits in opening luid shutting, by 
being attached to one piece, and entoiing holes made to icccivc tlicm in the otlici, but two of 
them have small concealed spual spiings, lying at the bottoms of the holes/ opposed to thou 
extiemitics, which push one of the biUng-picccs, c, fiom a state of contact with the limb of 
the ciiclc, whcnevci the clamping-scicw if is icloased; and to allow of a due sepaiation in 
opening, the solid pint of c, denoted by n, thiough which the tangeiit-scicw g h passes, is pei- 
fbuted with an elongated hole. The plate a h has an oblong opening cut along it, tluougli 
which the piece 1 c passes, which cairics an clastic slip of metal on the posterioi face of the' 
plate, and which comes noaily in contact with the extiemc edge of the ciicle’s hmb, as seen 
m fig. 23 . The biting piece d is directed in its motion by its connexion with the edgc-bai r s, 
winch slides along the innci edge of the citcle’s hmb, while the tangent-sciew i evolves, This 

N N 2 



273 


ON CLAMPS AND TANGENT-SCREWS, 


sciew has a shouldei and collai in contact with that side of the solid stem n, of the clamping- 
piece c, which IS neaiest to Its thleads, against which collai the spiial spnng at tlie opposite 
side constantly piesaes, thiough the inedmin of the innei lube e , foi accouhngly as this scicw 
13 tillned foi waids oi backwaids, the spiial spang contoined between the two ends of the 
intcuoi and extoiioi tubes, e and I, always exciting its powci toielax itself, foices the opposite 
end of the inuei tube against the solid pait n, and keeps it close to the collai of tlie sciew, us 
the sciew itself enteis the tube t , hence the biting-picces, c and c', holding the limb of the 
ciicle, and being connected with the pait n thus acted on by the spiial spnng, paitakc of 
Its motion, and cany the ciicle with them in a foi waul diiecLion, the picssuic of the spnng 
being constantly cxeitcd. On the contiaiy, when the tangent-scicw is tinned back, it lu- 
cedes fiom its tube i, and the collai now acts in its turn against the end of the innei tube 
e, and consequently against llie spual spnng mging it, which spnng it again compiesses, and 
catties the solid piece « back again, togethei with the biting-pioces c and c\ which ombiace the 
limb of the ciicle, and thciefoie a backwaicl motion, in opposition to the foicc of the spnng, is 
produced in the ciicle, without any loss of motion fiom a change of ditcclion, and this pio- 
petty, deiived fioin the spnng’s constant exeition of its foice, constitutes the iinpiovcmenl in 
the pci foi mance of the clamp foi, by the use of this clamp, a stai can bo bi ought into a 
position to be bisected by a honzoiital line in the eyc-piccc with the gieatcsL ease, and, what 
IS equally iinpoitant, the stai will ictain its place when the action of the scicw Icnninatos, 
The distance thiough which the ciicle can be moved by the tangent-sciew, depends on the 
length of the concealed oblong pcifoiation made in the jilate « along which jhc piece 7 i 
slides, and the length of this opening again depends on the distance between the innei ends of 
the two fixed tubes t and /, which delcimine the hintls of the scicw’s action. Ihom this 
description it IS easy to pelccive, that, when the clamp is lelcased fiom the ciicle, a foicc, 
supeiior to that exeilcd by the scicw, applied by the hand against the solid pait?? of the clamp, 
in a diiection flora g lowauls A, will compicss the scicw, and cany the clamping poitum of 
the appaiatus lowauls A, till ti meets with the end of tlic fixed tubey, which stops its Anther 
motion. hence, when the clamp holds the limb, the ciiclc itself will admit of a small backward 
motion at any tunc, when acted upon in that diibction by a powci gicatci than the foicc of 
the spual spnng, but this is no objection to the good pcifoimance of the clamp, and may 
become a safeguaid fiom any blow that the ciicle may icceive by accident in a diiecUon oppo- 
site to the spnng’s action. Mr Dolloiul has lately lednccd the size of this clamp to nearly 
the dimensions of the figme we have desenbed, and, by making a slight alleiatioii, has applied 
it to his sextants and leflecLing ciicles, as an impiovemenl on the common clamp. The allcia 
tion made foi thispuiposc is, that the tangent-sciew is shoitcncd into one half of its length, so 
as to have only one milled head, and docs not pass thiough the clamping-piece n, but only 
piescnts its point against it, whcic the shoulder and collai aie placed in the laigci clamp, but 
the tubes and spual spnng aic ietamed,and the action lemains the same in both constiucUons 
6 ,, Clamjj by T Jones —When Mi. Jones constmeted the second miual ciicle, now in use 
*at Greenwich, in compliance with the astionomci loyal’s wish, he applied a set of clamps 
having the same piopcityof commuiiicatnig unifonn motion, by a spnng in constant action, 
which Dollond’s cUunp possesses This clamp is lepiesented by figmes 20 and 21, which coi- 
icspond to flguies 22 and 23 , winch have been just descubed, and as wc have put the same 
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letteis of lefeionce to the same couesponding pails, we shall not have occasion to entci so 
fully into detail, in oui dcsciiplion of this modification The plate a h heie is also fixed to the 
wall, but a second and smallei plate, d V, stands on shoit stiong pillais attached to it, one of 
which IS seen at p in fig. 21 *, tins smallei plate, thus biought a shoit distance foiwaids fiom 
the laige one, has the oblong peifoiation m it, as shown in fig 20 , the bitmg-pieccs t and d 
have each a pan of puis uiged by small spiial spiings, which make them both iccede in oppo¬ 
site directions, when the clamping-sciew d is iclcascd, so that neitliei face of the limb is in 
contact with the clamp, when the ciicle takes 1I& c[uick motion. The fixed lube, which is held 
by one of the pillais in this coiistuiction, is the innci one, and is also the one containing the 
female SCIew, the exlcuoi tube, as bcfoio, containing the spiral spung, which is compicsscd 
between them, and which constantly iiigcs the stem n of the clamp, lluougli which the clamp- 
iiig-scicw dt which IS heic of the capstan land, passes bcfoio it icachcs the biLiug-piccc c'. 
Instead of a shoulder and collai on the tangent scicw’s axis, at the stem n is founed a ball 
occupying a small cup on the side of the said stem, and the oblong peifoiation is visible in 0111 
figuie 111 the iilatc, d b't behind which is an clastic slip of metal caiiying the sqnaicd piece of 
biass that fits the sides of the opening, and guides the ducctiou of motion. What was bcfoic 
said about the advantage of a spual spang, applied I0 Dollond’s clump, is equally liue of this, 
and the ciicle has tlic same piopeily of yielding haeltwauls a small distance by the application 
of an opposite foi CO supciioi to that of the spiral spung. This clamp maybe dismounted 
without displacing the laigc plate fiom its fixed position 111 the wall. 

7. Citculat Clamp '—'The last clamp that we have to iiolieo, is one winch may be applied 
to vauous purposes, and used citlici witli 01 without a sciew of slow motion, ^’^u.s clamp is 
seen m fig. 24 , and will icqniic but little explanation beyond what the figuic suggests Its 
common constiuclion is that of a danipmg-ung, with its cai divided, and closed by a thumb- 
sciew passing acioss the slilj foi the elasticity of the ung usually sulfiecs to open it when the 
scicw is iuincd back when the slit is made quite tliioitgh the solid cai, it has been fonud that 
the clamping docs not make a close fitting all lound the cyhndci, which it is intended to hold 
fust, but if the cxteuoi end bo left undivided, as in our flgiuc, tlio fitting becomes good all 
round, particnhuly when the cyhndci’s diamctoi is ncaily equal to the inleiioi ciicle of the 
ring. A clamp of this kind, which wc have lately scon foiming pait of a icpoatiiig table at 
Gioenwich, answens the full expectations ol the aslionomci loyal, and maybe lecomincndod to 
gencial adoption, in cases wlicie a clamp of siniilai constiuction is requued Wlicii it is des¬ 
tined to ictam any axis winch it embiaccs in a fixed position, it mu'jt itself bo fiislmado fast to 
a fixture by stiong scicws, but if it be intended to 1 cgulate a slow motion, as tbatof an cqua- 
tonal’s axis, it must clamp the axis, and a screw of slow motion, acting with some piojocling pai t 
of it, may be made fast to the fixtui e. In the consti uction of Captain Iliiddai I’s equatorial, now 
the piopeity of Mi. Soutii, the cucular clamp of the polar axis is cut into three poitions, and 
two of tbem united again by joints to allow of closci fitting, and the scicw of slow motion is 
at the icmotc end of a long level, made fast to what we have called the eiu of the clamp. In 
out poitablc tiansit-instiument, a clamp, having two joints moving in dilfciont diioctions, holds 
the giadiiated ciicle fast to the fiamc, while the vcinicis and level aic levcisod 111 position, for 
the sake of mcieasing the numbei of loadings of a single ohseivation in altitude, but as we 
shall have occasion to dcsciibe this instrument in its place, we wiU defei oiu fuithci notice of it. 
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4 § XLVII ON THE VERNIER. 

1, In clcsciibing the diflhicnt clamps and tangent-sciews, we had occasion to mention the vcj- 
7 Uei', as being in connexion with the said sciew, and as having its motion legulatod by Us 
means j we come now, theicfoie, to describe the puucijile and application of this scale, as 
affoiding an ingenious and acciuale method of subdividing a division on the lunb of a qua- 
diant, sextant, oi ciiclc, into quantities of a lowei denomination than can be obtained by the 
opeiation of tlic dividing engine The nutnboi of spaces, into winch a dcgiec is usually di¬ 
vided, depends on the length of the ladius of the divided linib, and the scale now genoinlly 
Ictiown by the term vcunei, which is the name of its inventoi, has its length and iiumbei ot 
divided spaces dclonninod fiom the smallest assumed quantity that it is intondotl to ineasuio, 
MatheinatLCians have been accustomed to explain the pimciple of the veinici scale thus; if 
wo denominate any poilion of a graduated aic A, that shall contain a given munbci of dcgiecs, 
01 of olhci divided spaces, being fi actional parts of a dcgioe, and take an equivalent aic de- 
sciibed on the edge of the vcimcr with neaily the same ladius, then if one of theso aics bo 
divided into any even luunbci of equal pails, and the olhei be divided into the same number 
+ unity, 01 unity, the difference between the value of a space on one aic and the value of 
a space on the otbci, will bo the smallest quantity that is measuiable by a pan of such co-ex- 
tonsive aics, and its value may be asceitained by one of the two annexed foimulfu, 

A _ A A , _A _ A ^A 

n ji + l”?! (« +1)’ «—1 —l).?i 

in whicli notation, A being the common aic, n is put for the number of divisions on the ver« 
mei) and » + l oi ?i—-1 denotes the same mimbei incicased oi decieased by unity, as counted 
on the giaduatcd hmb of the instiumcnt. 

2 Let us fiist suppose the aic A=zJ'‘, and each degiee divided into tluee divisions, oi 
spaces of the value of 20' each, and let it be rcqinied to divide the veinici so that single 
minutes may be indicated, oi that the smallest value be one-twentieth of a space , m this case, 

an aic of twenty divisions on the veiniei must be taken equal to 21, oi 7 x 3, on the limb 

/ and——- will give— - —r: 1', This airangement of the scale's value, 
Vrifl/ n (« + 1) *’ 20x21 4i^0 

which was fomeily in use, was found inconvenient in piactice, as the coincidences of the lines 
of the scale with the lines on the limb were to be counted m a ictiogiade direction, as they 

regarded the figuies on the limb j and therefoic was adopted instead of foi the di- 

«— 1 » +1 

visions on the limb, which adoption affords a succession of coincidences to take place m a direct 
Older, rntbout alteimg the value of the scale, Foi if, as befoie, we suppose the degiee di¬ 
vided into three paita, and the vernier to have twenty divisions, foi the pm pose of leading 
single minutes, as values of the lowest denomination, w—1 will i epi esent nineteen divisions, 
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of each SO', for the whole arc A, and we shall have 


G® SO' _380' 
19 xW 380 


= 1' dcuvecl from a short* 


cned vorniei, but reading in the piopei ducction. 

S. When wc speak of the teadmg of a vcinici, it must be understood that when an ac¬ 
count has been taken of the degiecs and fractional divisions of a degree, as constituUng toge- 
thei the appioximAto ineasme of an obseivod aic, the final additional quantity must be ob¬ 
tained fioin tbe place of the coincident stiokc of the vcinioi with some lino on the limb, as 
that place legaids the zoio of tho veinici j when the coincidence takes place at the fiist oi 
neaiest stroke, counting foiwaids fiom zoio, the value is 1', when at the second stiokc the va. 
lue IS S', when at the thud 3', &c. till all the stiokcs have come successively uiidci the eye, 
duiing a motion given to the tangont-scicw in p,v8sing over one division, at tho end of which 
both the stiokc at zcio and also at 90', in this case, become coincident at the same tunc, 
when the ineasuieineiit hilling in the next following division comincncos, and is stopped ovoi 
by a succession of coincidences, as the scicw is turned guulually, in the inannei we have de- 
sciibcd. When a contact has boon taken by means of the slow mol ion of tho sciew, tho place 
of the coincidence will icadily bo found by fust casting the eye to /oio, and noticing what part 
of the division undei examination lies opposite to tho stiokc at that point, foi this notico will 
guide the eye immediately to that pait of tho vcnner’s scale, whcic the existing coincidence 
may be expected to bo found. 

4. If, ill the instance wo have given, the vcunoi should bo lequuod to indicate 80", ns 
Its lowest value, it must have its length incioascd so as to lake in 13° or 89 divisions of the 


limb, co«exlcnsivc with foity on its aic, for then - -= 1— = 0'.5 oi SO" will be the 

09x40 1500 

smallost indication, and the figuies 1', 9', 3', &c. must bo placed at each altciiiato stioke. 
Othciwise tile degiec may bo divided into four spaces, and then the vcinici may have Unity 

divisions, flguicd alteinatcly 1, 9, 3, &c, up to 15, on an arc of 7° 15' 5 foi will 
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give the same value, 0 5=.30", but will icquuc a highoi magnirying powci for dotccUiig the 
turn coincident pan of lines. In the same inamiei avciuici may bo applied to ineasme a 
still smallci haction of a minute, paitly by increasing the numbci of subdivisions of the de¬ 
gree on the limb, and paitly by giving an incieascd length to the vciiuoi’s scale to admit of 
moic subdivisions. In Tiouglilou’s lellcctmg cnclc of five inches laihus, though a space of 
30' leads as a degtcc, the vcinict indicates 20" in an aic = 19“ 40', divided into lifty-nuio parts 
CO extensive with sixty on tho voiinci *, and in a biass sextant which ho divided, and which is 
now in out possession, an arc of 7” b', with ten divisions in the dcgi co, has seventy-one dm- 
sions co-cxtcnsive with seventy-two on the verniin, which theiefoie indicates 25500"—5112 
=5*. And in oui eighlcen-incli ciicle attached to a portable tiansit Iclcscopc, a veiiiicr with 
100 divisions measunng inncty-ninc on the limb, having twelve divisions in tho degiec, indi¬ 
cates a quantity so small as 8”. 

5. The application of the piiuciple, winch wc have heic attempted to explain, will be 
moie cleaily appichended by the young astionomei on lefeience to fig. 25. of Plate IV, wheie 
the degiee is seen divided into three pails, and where twenty divisions on the edge of tho ver- 
mei, 01 innei aic, aie commensmatc with nineteen on the limb, or outei aic; tho coujcrdcuce 



280 


ON THE VERNIER 


takes place at 15' on the veiniei with on tlielimb, and as the zcio, oi stiokc 0 on the 
veitiiei, points to thiee-fourtlis of the fiist division of the twcnty-fiist dcgicc, the leading is 
20“ 15 '5 but if this fiist stioke had fallen in the second oi thud space of the same degiee, 
the coi 1 esponding leading must have been incieascd by SO”, or 40' in the lattei case, so that 
the angle measmed would have been eithei 20“ 35' oi 20“ 55', accoidnigly as the second or 
thud subdivision stood opposed to the vcitiiei’s /eiQ. Sometimes the zeio of the vciinei is 
at the middle of its scale, and the figures uinning off at one end commence at the ollici; and 
when the vciinei is used alleuiately at both bides of zcio on the aic of a complete ciicle, 
thoie aie two senes of numerals leading in opposite diiections, as the case may icqiuic The 
veimei of the leflectnig ciiclc is usually figuied m this mannei We have luthcito confined 
oui obseivations to the puncipleand application of a single vciiiiei, such as fonns a pait of a 
quadiant oi sextant, but we shall have occasion hoioaftci to point out the advantages to be 
dciived fiom the joint co opciation of scveial vcnncib, placed at equal distances fiom ond 
anothci, foi the pniposcs of couccLing the effects of changeable tempciatuie, and the enois of 
division 01 excenlncity of the giadualcd ciicle, to which they may be attached. The gieatest 
objection to the use of voniiois is, that they aie apt to sciatch the divisions of the limb by 
being moved iii contact with mteiveiling pai tides of adhciing dust The Continental instixi- 
mcnt-makeis avoid tins inconvenience by making the giadiiations of the vcinicis on a ciicnlai 
1 evolving plate dopicssecl to the same plane with the giadnated ciiclo to be indicated, m 
winch coiistiuctioii the cliainfeied edge is not nccessaiy, the paiallax m loading is in a gicat 
measnic pievcnted, and the effects of vaiynig tempeiatiire aic siqiposed to bo less picjudicinl. 

G, The veinicr lepicaeiitod ni fig. 19. has a diminished scale of the same value as the eu- 
laiged scale given in fig. 25., and must be load in the mannei we have above explained, 
but lequucs a magnifying lens toiondei the coincidences legible. The aic iii figuie 11. 
which IS a poition of an astionomical quadiant, has a sirailai votnici at each side of the te« 
Icscope on the same plate, to read with the aic of excess when obseivations lequuc to be taken 
neai the houzon oi zenith, in othei situationsoithei one oi both vcinicis mayboiead, though 
no advantage will be gained fiom leading both, when they aie so ncai togcthci, piovidcd the 
quacliantal aic be well divided. These voiinois aic lepiesented as having then coincidences 
at both ends, to show that the aics of the limb and of the veiniei aic co extensive. In fig. 
16. the shoit subdividing stiokes of the vormei icad to SO". In many of the best instiu* 
inents single microscopes, with icflcctois of plastei of Pans, aie applied to the vcinici-bai to 
illuminate the divisions of the limb and vcimei, which would otlieiwise bo sealcely legible. 
When moie vcimeis than one aie used, the distance between any two of them may be advan¬ 
tageously used for examining the huge aics of a divided ciicle, and the length of the voi- 
niei’s scale may be made to stop the smallei aics, so as to detect any macciuacy tlieic may 
exist among the neighbouring divisions. * 

7* Befoie wo dismiss the considciation of veinicis it may be piopei to notice, that the 
piinciple IS fiequently applied to the subdivision of a stiaight line, foiming a scale of a micio- 
metet or baiometei. In flg. 26. is a poition of a lectilinear scale that will seive to explain 
such application, in which the left hand poition is the scale to bo subdivided, and the light 
hand poitioti the vernier, consisting of ten divisions, for the convenience of alibi ding decimal 
notation. In this figuie nine quarteis of an inch aie opposed to 2 .25 inches on the veinier 
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divided into 10, and llio coincidences aic lepiescnted as taking place at both ends, to show 
the giadualinci ease of the subdivided spaces fiom 0 to 10 on the vciniei. If we considei the 
point 01 stioke 0 as the index, and begin to leckon foi wauls fioin it, wo shall sec the smallest 
space that the xminici will incusiiie lying between the figuios 1 on the scale and 1 on the vei- 
njei, which is iV of ? of en inch = .025, oi, which is the same thing, of ^ of 2 .25 
= -ifV of 2 .25, 01 .02.5 as bcfoic, then ascending the scale wo pciceive the space contained 
between S and 2 = i".„ between d and 3 = -fo and so on, till at the comcidciicc of 10 with 9 
on the scale the subdivision of anotlici divided space commences. We have given an enlaiged 
scale foi the cxpicss pm pose of exhibiting to the eye the succossivo diffeicnccs between -sVi 
'A, xV) &c. but in genoial a scale is divided into smallci poitions, befoio the subdivision by 
the vcinici takes place. Most usually the inch is divided into tenths by the dividing stiokcs, 
and the vcimci then subdivides one of these into ten moie, oi into hiindioclths of an inch , 
but if the inch is fiist divided into hundicdths, then the veinier will subdivide it into thorn 
sandtlis of an inch, which may bciendcicd legible by a magnifici. 




§ XLVIII. ON Tnis READING MICROSCOPE 

1. When a ciiclo is graduated into spaces of 5' each, llio loiigh leading of the degrees and 
fiactional paits of the dcgicc, as far as to the last 5'space, is pci foi med by an index having 
a single slioko upon n piece of metal that is adjuslablc, and capable of being fixed, when pro- 
poily adjusted, on the cock that holds the i eading inicioscopc , oi otlieiwise a second micio- 
scopc, of smaller powei and a hngoi field of view, is placed contiguous foi the solo puiposc of 
leading thc-dcgiee and divisions, winch niodcin metbods piecludo the necessity of maikiug 
points of disciiinination at the intcimcdiatc stiokcs of the divisions, as was the piactiec of 
Ramsden. Tho leading inicioscopc, ns it is now constmeted by Tioughton and Jones, is a 
species of compound micioscopo consisting of tliiec lenses, one of winch is tho object lens, 
and the othei two aio foi mod into a positive eyepiece, the amplifying lens being omitted, as 
the field is not icquiicd to bo extensive, and the mcasuie is usually made iicai its ccntic. The 
micioscope is usually fixed in a stetionaiy position on a cock, oi potence, attached fiiraly to 
some stiong pail of the fiamc-woik, oi to a wall, and when its powcis aic well adapted to the 
space it IS dcsLiiicd to measiiic, and all its adjustments aic of a pciinancnt kind, the accuiacy 
and facility with which a small aic may be moasuicd by it, give it a picfcienco in our estima- 
lion ovci evciy otlici mode of subdividing the minute into seconds, it possesses all the ad¬ 
vantages which aiisc from an union of great magnifying powei with iniciomotiical nicety of 
measmement ^ while at tho same time the eye of tho obseivci is icinoved fiu enough fiom the 
divisions to bo examined, to admit of the light of a wax tapci being interposed without dan- 
gei to the face, which is not tho case with the single lens, oi simple microscope composed of 

a positive eyc-piGcc, placed close to a vei nicr. 

2. This micioscope consists of a number of component parts, requiiing adjustments for 
then iclntivc positions, to icndei the measiuoment of a given arc peifectly corioct, the arc 
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usually ineasuied is a divided space of the value of 5', lo be subdivided into 800" by five rc* 
volutions of the miciomctei’s sciew, which thciefoie has its ciiculai head divided and iniin* 
bered fiom veio, by 10", 20", SO", &c up to 60", cveiy fiflh dividing stioke being longer Ilian 
tliO'Se of the othci units, and teaninating with a lozenge instead of the figuie 5. Now as the 
magnitude of a 5‘ space depends on the length of the ladius of the divided ciiclc, it is obvious 
that the micioscopc must be consti noted lo suit tlie division it is destined to subdivide, and 
that, wheie the sciew is the same, the magnifying powei must necessaiily incieasc as the cudo 
diminishes, that five of its levolntions may exactly measuie a 5' without an excess oi defect of .i 
single second The change of magnifying powei that is neccssaiy to icndei the scicw comiie- 
tent to its office, may be effected m two diffeieiit ways , wluitcvci may be the focal length of 
the objccl-lens, the imago that it foims of an object, which in this case is the divided limb of 
the elide, will be moie icmole, oi ascend higlioi into tlic body of the micioscopo, tlic noiuer 
it is bionght townids its soiai focal distance, measuied fiom the limb upwaids, and when it is 
placed exactly at its solar focal distance, the lays passing tiuougli it become paiallcl, and the 
image, m optical language, is said to bo foaned at an infinite distance but icinove the lens 
beyond the solai focus, so that an imago may be foimecl within the body of the main tube, 
the situation of which, to be visible, must be in the focus of the jiositive eye piece, and llicu 
the two points whcic the divided limb and its image aie situated aio called the two coiijti- 
sate foci of the lens, the lattci of which icccdos fiom its place upwaids as the othci descends 
gradually towiuds the limb , then if wo call the distance of the object oi giacluatcd limb fiom 
the object-lens^ and the distance of its imago fiom the same lens F, the length of llic imago 


will exceed that of the object in the lalio F •,/, ox 



will lepiesent the magnified state of tlie 


image* Ilencc it is manifest that the expiessiou ~ will have a new and inci cased value, if wo 

eithei increase F oi diminish^ oi, xvluch may be neccssaiy in the oiiginal formation, if both 

be altered, till the condition leijiuicd of the screw be within the compass of the adjustments* 

In our thiee feet altitude and avimutli ciicle, which has Ihice leading micioscopes by Tiough- 

ton at equal inteivals, with each ciiclo, the paits of the micioscopc and then dimensions aio 

neaily as given m the following dcsciiption , and the lettois of lefcieiicc will point out those 

paits in figuies 9, 10, 11, and 12 of oui Plate XI, the liist of which exhibits the external ap* 

peaiance, and the otlieis show a longitudinal section of one of the said micioscopes, and the 
intei nal parts* detached* 


3. Description of the Feeding M.ic> oscope 


Cl IS a spidei s-line micrometer with one screw, which we xvill desciibe lieieaiter 

i 18 a tube two inciies long, and ihtce quartois boic, having a coaiso male sciew on the ex» 

teiioi face, and a fine female sciew on the inteiioi, and is sciewcd fast to the lowei jfiate 
of the micro metoi at right angles to it. 

c is 'the icoclc to which a short tube of half an inch in length is fixed, that admits the tube 
6 just to pass into it • 

i? and d are two ciiculai nuts with milled heads, having each a female screw acting with the 
coaise male sciew formed round the tube b, one above the cock and the other below j 
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the use of which nuts la, to fix tho tube b in any icqmiccl situation within the small tube 
of the cock 

e IS the cell that lecoivcs the eyc-pioco, and sciews into tho outei plate of tho micioinetei 
f IS the oye-piece, an inch and a half long, that slides hy faction into the coll, foi pioducing 
distinct vision of the spulci's lines within the inicioinotci : 

^ IS a cone of biass, holding tho object lens at its iiifoiioi end, and tciiuinating at its supc- 
1101 Olid with a cylindci of half an inch in length, lonnd which a fine scicw is cut that 
acts with the fine scicw in tho uitciioi pait of tho body tube b, the duunctci of the lens 
18 about tliiec tenths of an inch, and its solai focal length upwards of an inch 
h IS the small cell that holds the objcct-lcns, and scicws into tho tiuncatod end of the cone 
g, having at its intciioi end a small duphiagnii, at the distance of a quiutci of an inch, of 
about one eighth of an inch in diametoi, 

t is a thud ciicnlar nut w'ltli a milled head, that acts with Ihc fine screw on the cyhiidiical 
end of the conical piece g, and fixes tho object lens at any given distance fiom the iniiigo 
of the giadnatcd ciiclo, 

The two pieces in fig 10 he over one aiiotlioi in tho oblong box shown m (ig. 12 , one having 
the scale of notches on the edge of its huge opening, and tho othei cairying the ciosscd spuloi’s 
lines immediately above tho said scale • they are both formed to lit the sides of the box, which 
keeps them paiallel to one anotbci when moved separately ovei each other. The folk, having 
its piongs connected by an cnd-picco It, is moved by means of the milled nut and divided head 
seen in fig, 9 , and the ciosscd lines and included piece of wue founing an index to the notclios, 
tiavcl ovci the scale jh, the place of which is iuljusLed by a small scicw n, passing thiough an 
X spring, as shown in fig. 12 , and entciiiig the cnd-piccc of the folk, which it pulls m one direc¬ 
tion, when liunccl forwauls, while the spang pushes it back and keeps it in its adjusted place, as 
the zeio of the scale has lofcicnce to tho ciosscd lines and the divided head, winch aic thus adjusi- 
able to one aiiothei A stiong pm uses fiom the iiiuler side of tho oblong box at o, fig. 12 , and 
passing Within the foik and slit made at p, thiough the plato cairying the notched scale, pic- 
seiits its uppci end to the small spiial sjning, lying between it and the innei face of tho end- 
pieco of the folk, which spang therefore acts in opposiiion to the micromctei’s sciew I, and 
prevents any loss of motion iii tnrniiig it backwauls oi foiwiuds. The fixed piece < 7 , seen in 
figiues 9 and 11 , is the index to the divided head r, luanng with the scicw, and showing exact 
seconds. This head is kept fast to tho scicw by an inleaor nut, but so as to ndnut of being 
tuinod by the flngoi and thumb, 111 its adjuslmcnl to zeio, wliile tho milled head is held fast 
in its situation. The icvolving nut connected with tho clividccl head, letaining its place, makes 
the SCICW and folk advance the space of one notch of the scale at cioli 1 evolution, while the 

small spiuil spang 0 opposes the motion, the scale m, when once adjusted, keeping alvrtiys its 
station 

4'. Acljxishnenls, —Aftci having dcsciibcd the dilfeicnt pails of tho leading micioscope, wo 
may now piocced to explain the adjustments foi putting it into a piopei state foi peifoiming its 
office These will bo known to be aglil when the image of the divided limb and the spulei’s 
lines aic all so distinctly visible togcthei, that no paiallax takes place by varying the position 
of the eye, and also when, m this state of good vision, five icvoluUonsof the sciow will exactly 
ineasuie one of the fl' spaces on the limb, M'hich ineasiuement is eflbctcd by making each slioko 

0 0 2 
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of the included division successively bisect the two external and internal anglcb, foimcd by the 
inteisection of the two spidei’s lines, winch move as one m obedience to the scicw as the cn- 
ciilai divided head of the scicw is adjustable by faction, when agivcn sliokc bisects the spulei’s 
lines, the zeio point o, may easily be put to the fixed index q, that points to tlic divisions as 
the SCIew levolves, and the notches seen within the miciometci, on a delicate senated scale, 
will watch the mmiber of levoliitions which have at anytime been made by the scicw, when 
counted fiom a small hole in the place of a notch, which is its zeio In the fiist place then, 
supposing the inicioscopo to be allogelhei out of adjustment, let the objeetJens be scioivcd 
home, and the body, oi coaise cylinducal sciew b, be insoited into the shoit tube attached to Uio 
cock, its collai being on, and let nut d' be sciewcd up till it lests against the second collar 
just above it, supposed to be also in its place at the lowei pait of the lube, lu this situation 
make the spidei’s lines visible by putting the cye-piecc a piopei depth into its cell e, and exa¬ 
mine whethei oi not, in that position of the micioinotei, the giaduatcd limb is also visible, if 
not, make iL so by means of the nuts d and d', iinsciewing one and scicwiug the othei as the 
distance fiom the limb may happen to lequiie, which will soon bo asceitaincd on tiial Second¬ 
ly, when the spidei’s lines and giaduations aie seen distinctly togethei, bung the point of 
bisection of the spider’s lines upon a stiokc of the limb, no mattei which, and turn the divided 
head to zeio j then on tinning the sciew just five icvolutions, it will be soon whctlici the mag- 
mfyuig power is loo gioat, oi the contnuy, t. e, whcthei the divided space is loo wide oi too 
naiiow to be mcastiicd by the given number of ievolutions. If the five icvolutions have not 
included the whole of one space, the object-lcns must be scicwcd up towaids the image of the 
limb, to dimmish the power, by tinning the cone g a little, and then by alteiing the posi¬ 
tion of the microscope by means of the nuts d and d, till distinct vision is again obtained of both 
the spidei’s lines and the divisions of the limb ; tlio mcasiuo of the space must then be icpoatcd 
111 the way just desciibed, wheintwill be discoveicd what appioximation has boon made towauls 
the due adjustment of the magnifying powoi. It may leijiiiie lepcatcd liials of the altoinate 
process, before the eye is satisfied that all the lequisile conditions aie completely fulfilled, and 
when that is tiie case the tluec nuts r?, d' and t, must be sciewed tight home to lendci the 
adjustments peimanent. The value of the raeasuie dcpcndsi entiiely upon the distance of the 
object lens fiom the image ol' the divisions, and if the plane of the cnclo should happen to de¬ 
viate fiom a light angle with its axis of motion, this distance may vaiy a little as the ciicle tiuni 
lound, but It will ncvoi amount to a quantity that can luteifcio witli distinct vision, oi with the 
measiue. When the micioinetei is pi opeily fixed, the zeio of the ciicle’s divisions must be biougbt 
to the bisecting point of the spidei’s linos, and the dn ided head of the miciometci turned till its 
zeio is pointed to by Us index, and then if the zeio on the scale of the notches within the micio 
meter be coveted by the fine pin included between the spidei’s linos, the miciometci is in a situa¬ 
tion foi measuiing angles of altitude, zenith distance, or azimuth, aecoulingly as the cncle is 
adapted foi one oi other of these puiposes but if the zeio of the notched scale do not couc- 
Spottd to the zcio on the divided ciicle exactly, in a given! pbsition, it must bo adjusted by the 
screw enteiing the end of the micrometer’s box oi fiame, which is the piopei sciew of i eg illa¬ 
tion. When the measuie is to commence from any point pieviously given in the lioiizon, the 
ciiole must'be biought to its position, by turning the tangent-sciew of slow motion till the tele¬ 
scope’s vertical or hoiizontal line, as the case may be, is coincident wUh the said point of de- 
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pAitui’c, while all the adjustments lemam unaltciccl, and then the opcialion of moasniing may 
pioceed, piovidcd one miciomctei only be used, but if two, tineo, oi foiu miciomctcis be ap¬ 
plied to the same cncle, each miciometci must be ptcviously ticated in the way that has been 
desciibed, and then positions must be at equal distances fiom one anothei 


§ XLIX ON PIIH PLUMB LINE 

1. The plumb-line takes its name fiom the leaden weight which was fmmoily appended to a 
fine thiead of silk, and suspended by a fixed pm to indicate the direction of a voitical line. 
When applied as an indcv to a giaduatcd luc in an astionomical instuuncnt, oi to cnsuio the 
veitical position of an axis of motion, it has been found a desuable impiovemcut to substitute 
a fine silvei wiic foi the Ihiead, and a small bucket of brass with scvcial holes lound its side 
to be Idled, oi ncaily filled witli shot, and to bo immeibcd in watei, to picvcnt a long conti¬ 
nuance of vibuiUous aftci concluding tlic opciations connected with the plumb luio. The 
point of suspension is adjustable usually, m the host mstunnonts, by two pans of sciews acting 
at light angles to each otlici, and the wno lests on a deep stioko, made as a bod for it, on the 
sloping face of a piece of biass atluchcd to the cock of suspension, fiom tho lower end of’which 
sloping siufaco the vertical dacction lakes place, without making so gieat an angle as to en- 
dangoi the safety of the wire, which is liable to bicak at the angulai point when suflicicntly 
loaded When the bucket is immciscd m walci its load of shot should be such, ns is just suf¬ 
ficient to bleak the wiic when the watei vessel is empty, foi without such a loud a long wiio 
would not be sufficiently stictchcd to become poifcctly sUaighl, hut when immciscd in wtilci 
the loss of weight will he a secuiity against bicaking tho wuo, and its tension and disposition 
to assume a veitical lino will both bo ensuied otheiwiso the scum of pailiclcs of dust, that 
will fieqiicntly covci the suifticc of the watei, will picvcnt llic line fiom taking a diiccUoii 
peifcctly voiLical, pailiculaily when apoilion of the bucket is not iinmoised m tho water, 
by icason of its diminution occasioned by guuliuil evapoiulion 

2. The use of the pliimb-liuc was piobnbly coeval witli the coustuiction of the flist gra¬ 
duated itistiumcnls, but its application became most sciviceablc, when it was used as a guide 
to tho position of a tiansil insluunent’s hoii/.ontal axis, of an astionomical quadrant’s veitical 
axis, and paiticiilaily as an index to the limb of a ncnilli sectoi, in conjimction with the 
miciometci sciew. By means of the plumb-line applied to Di. Biiidloy’s yonith sector, Ihcdis- 
coveiy of both the abciiatiou of light, and of tho mitalion of llio eaith’s axis, was fortunately 
made, which data now supply couociions for icdiicing the appaiont to tho moan places of llio 
heavenly bodies. In those indications the position of the plumb lino was loferied to a vciy 
fine point made on the siufaco of a divided lUC, at the point mo, when the point of suspension 
was on or above tho centic of the graduated hmb, oi olhciwisc a line paialicl to tlic said line 
was substituted, foi the sake of convenience. The pciraaiioncy of the adjustments made by 
means of tho plumb-line, howovci, could not be depended upon without lepeatcd applications 
of the lino at shoit inteivals, and the changes that took place weio not immediately detected j 
besides, as the line was necessaiily suspended at some distance fiom the point, or stioke, with 
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which it was lequiicd to be m coincidence, the acciiiacy of the estimation depended on the 
situation of the obseivei’s eye, and it was difficult to avoid a ccitain dogice of paiana\. 
These inconveniences weie at length leinoved by the ingenuity of Rainsdcn, wlio substituted 
the image of a point foi the point itself, and made it fall exactly at the place of the plumbJino, 
by means of an optical coiitiivancc, gioundcd on the piinciplc of a compound micioscopo; 
which contuvance has been, denominated, aptly enough, Ramsden’s as pioscnting the 

appealance without the substance of an object. This ghost has been adopted and chciishcd 
by Tioughton, and in his hands has become a veiy vigilant and useful monitoi to an obscivci 
possessed of one of his azimuth and altitude ciiclos, by constantly watching and pointing out 
any the slightest deviation of llic veitical avis of motion fiom a state of pcifcct veiticahty. 
The plumb-line of this eminent aitisl descends down a tube of biass that piolccts itfiom acci¬ 
dents, and that turns with the a7imuthal motion of the instiument to which it is attached; 
and in whatevei situation the instiument may be used, oi left, an inspection of the gliost wull 
show the natnio, and by estimation the amount of the eiioi of position of the voilical axis, to 
which the line minsl neccssaiily be paiallel, w'hen in all the icveised positions the ccntial pait 
of the ghost is covcicd oi bisected by il. The substance, fiom which the ghost dciivcs its 
appeaiance, is a ciiculai disc of moUici-ofpoail, having a point maikedat a small distance out 
of its tiiie ccnlic, iii oidoi that a motion given, in tinning it lound, may aflbrd the means of 
ac\)itsUng the point to bo obscivcd to a state of bisection, aftci the plumb hue and axis of tho 
a/imuth ciicle have been adjusted to a state of peifect paiallohsm. 

3. This application of tho plumb-line is calculated to affoid it evciy advantage that it is 
capable of iccciving; and its lemaming constantly in its place, and pointing out at all tunes, 
when the mstnimenl is at lest, tho dependence to be placed on an altitude taken undci its 
sanction, is a souice of consolation to tho anxious obscivci. but still thcic aie two defects in 
tho services of the plumb-lmc, which, we appichcnd, aic without a pcifcct lomcdy, in tho liist 
place, it does not give the exact quanltiy of deviation fiom the tuic position, though the value 
of the disc’s diametei may be ascei tamed, and piopoitional paits theieof estimated , and se- 
condlyj when put in motion, by icveising tlic position of the instiument, tho vihiaUons tlicicby 
unavoidably occasioned, notwithstanding the submoision in watci, will ficquontly icquiic moie 
time to come to a state of lest, than the exigencies of the obseivalion will admit of. With 
leapect to the fonnci of these defects, we have sometimes thought, that the disc of pcail might 
have vPiy close and fine divisions maiked on it as a scale of equal paits, and that its diameter 
might be enlarged to admit of a scale of sufficient extent, but this has not yotbeen atteinptcil 
to be put in piactice , and with lespect to the second objection, it has occuiied to us, that a 
contuvance might be intioduccd into the side of the watci vessel, that might assist tho icturn 
of the bucket to a state of quiescence, in a mannei siimlar to what is done, in bunging the 
vibrations of a magnetic needle to a state of lesl The best substitute foi a peifect plumb line, 
to be applied in vaiious situations, and foi all the difibient puiposes, without the fiist of these 
inoonvomences, and m a great dcgiec fiee fiom the lattei, is the apiut-lcvel, which foi ms the 
subject of oui next section. On comparing the iiin of the level of oiu ciicle with the disc 
and thickness of the silvei wire forming the line, we find that the diamelci of the disc inca- 
suies and that tho thickness of the magnified wiie subtends 18", so that when the lino 
bisects the disc, each segment that remains uncoveied is eqiialto 7''.5. 
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§ L ON THE SPIRIT-LEVEL 

1 Tiieur is no appendage to an a&tionoimcal nistuimcnt, paiticulaily when poitable, so nsc- 
ful, and at the same tune so convenient foi ensuung the adjustments, with icfeioneo to a lio- 
u^ontal line, as a spu it level, when its aecinacy can be depended on; but implicit coufldonce 
can seldom be placed on any level coming fioma raakci, who has not lued its liability to give 
difFeiont indications undei diffcionl degiees of teinpciatuic. Its utilitymust tlioicfoic depend 
on the best mode of using it. At one poiiod cyliiidiical tubes of glass wcio selected, fiom 
then appaiont unifoimity of calibci, and smoolbncss of intcuoi siufaco, foi the purpose of 
being convcitcd into levels, without furtliei piepaiation than being hermetically scaled, adci 
the alcohol had been inelosod iii the piopoi quantity to foiin a siiilablc bubble, and ficqiiontly 
some one face of the glass was lound on tiial to bo so umfoiin, when the Lube was tuiiied 
louiid to make the bubble itiii along it at difTcicnt faces, that considoinblc dopondenco might 
be placed on the scale of such bubble, while the suirounding tube ictained that identical shape 
and position. Hut wliilc the accinacy of the leadings dcpoiulcd so imich on casual changes, 
Ik was not to be expected that llie love) could bo hold in higli esteem, and the plumb-line, 
though less convement in use, was moio to bo depended on fbi the unifoimity of its indica¬ 
tion. But since levels have been giound to an oven siufacc, and made to possess a ceitain 
dcgiee of cmvatuic, piopoitioncd to the intended um of the scale, they have iisou in estimation, 
and aic now, when piopcily legistciod, to be put in competition with the plumb line, oven on 
the scoic of accinacy. Indeed the lepeating ciicle of Boida, under all its vauoiis piogicssivo 
imptovcments, is indebted to the assistance of a good level Ibi much of its colcbiily, notwith¬ 
standing the boasted omnqiotencc of the icpeatmg piinciple. 

2. But the ait of making levels has not yet aiiivod at Us summit of poifcction ; goneially 
speaking, too little attention has been paid to the unifoimity of caliber in the tubes, iiom an 
idea, that the jicifcction of the cuive is the cliicf object of attention. The usual way of 
giving the icqiusitc ciuvc in the intciioi surface of a tube, is by moans of a cylinder ol' biass 
used as a tool, with lino emery and watei, and the dcgicc of ouivalnrc in this opciation will 
depend on tlic i elative lengths of the tool and hollow cylindei of glass. If these aio of the same 
length, and the fiiction is continued thioiigh the whole suifaccof the tube, the iim of the bub¬ 
ble will gcncially be too sensible, but woiking with a slioitci cylmdei will incroaso the concavity 
of the cm VO, and icndci the bubble less sensible. The cylindci of a level Is usually from four 
to eighteen inches long, accoiding to the uses foi which it is intoiulcd, but a foot will afford a 
good scale foi most puiposcs, and the delicacy may bo made such, that one twentieth of an inch 
in the scale will indicate a second of altitude. It is perhaps a detci minatioii not easily made, to 
assign the limit of most useful length eithci of the scale oi bubble of a level, for a given dia¬ 
meter of the boic; noi is it an easy matter to asceitain what is the best cliamctor foi different 
liquids lespcctivcly 

3. The sensibility, as well as unifoimity of the rim of a bubble, is usually determined by an 
uistmment called a bul)ble4ner, which is a bai of biass fiunishcd with two feet at one end, and 
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a screw of known value, as a single leg at the othci, and having a pan of angulai bods foi the 
tube to he in, foi the turns of the sciew having a divided head will show, not only whether 
equal quantities of elevation by the scicw will piodiico equal spaces ip the lun of the bubble, 
but also hoW many inches on the scale aie equal to one minute of an aic. The same determi 
nations may be even inoie salisfactonly made, by fixing the level to the tube of a telescope 
connected with a veitical woll-dmded ciiclc, having a vciy fine veinici, oi leading inicioscope 
that will deteiinuie seconds, foi if the leadings on the ciicle be examined at both ends of the 
mil of the bubble,'as guided by the tangent sciew of slow motion, the diffcience of these load¬ 
ings in seconds, divided by tlic numbci of inches and paits in the whole lun, will be the luun- 
bei of seconds pei inch for a scale suitable foi such level When the telescope has no con¬ 
nexion with a divided ciicle, but has a spulci’s line miciometei applied to it, the value of each 
inch of the bubble’s iiui may be asccitamcd by taking a distant point as a maik, when the tele¬ 
scope is ncaily levelled, foi the space above oi below that maik, passed ovci by the hoiivon- 
tal line of the miciometcr dniiiig the bubble’s nm over the scale, as the telescope’s elevation is 
giadually altered, may aftei wauls be measured by the miciomctei’s sciew, and then the incii- 
suie in seconds divided by tlio whole uni measured on the scale, will give the value ol one divi¬ 
sion of such scale, as well as if a giadualcd ciiclc had been used, 

4. When the value of an inch on the scale of any level is detcimincd by any of the me¬ 
thods above explained, it will be easy to deteimiiic the radius of cuivatme of the inteiior face 
of that level by the following simple fonnula, 

__SI GOO fi 

6 .S832 ’ 

wlicier is thciadiusof curvatuie, 21600 the number of minutes contained in the ciicum- 
Icrence of a ciiclc, n the numbei of inches and pails run ovci by the bubble m one minute of 
elevation, and 6.2832 the double of S .1416, oi the measuie of the cucumfcionce to laduis 1, 
For instance, La Tjando liarl a level, on the scale of which one tenth of an inch indicated a single 
second, di six inches a minute, and the ladius of ciuvaturc attiibutcd to it by him was = I 719 
feet* now, accouling to our formula, wc have 

01 (500 y fi 

r = ■ g ,g 83 'F ” 572.95 yaids} 

vvluch lesult accoids very neaily with La Lande’s determination. If one inch had measured ex- 
actly a minute, then one sixth pait, 01 286.48 feet, would have been the radius of ciuvaturc. 
In the level attached to oui altitude ciicle, a minute is measured by 21 or 2.875 inches, and 
thoiefoio we have its radius of cuivatino thus 5 

®1600 X S 875 

' = 9883 .5 inches, 823. 625 feet, oi 274.54 yauls. 

In like mannci, W'hen the radius of curvatuie is known, wc may determine the value of the 
scale of any level by a tiansfoimation 'of our formula into 

'6 2832 r 

. “ 21600 ' ’ 
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Thus in oui List extimplc we have 


9983 . 5 x 6 283 ^ 
21600 


w =: 2 ,875 as befoic. 


Piofcssoi 


Littiow, m his papei “ On the Collection of the Tiansit-Insliumcnt” *, mfouns us that Reich- 
enbncli constuictcd levels so acciuately, that, accoiding to his own asscition, the ladius of 
cuivatuio of one of them is Ixmo Intiuhed English miles > Let us liy how fai this extiaoidinaiy 
asscition is coucct in 200 miles we have 352000 yaids, 01 I2672OOO inches, and thciefoie 

71 = = 3086 inches, 01 SO 7.17 feet, will afibul a scale foi one ininuto, 

21600 


01 5 .119 feet foi incasuiing a single second > 

5 But the confidence to bo placed in a level is not simply that which an unifoim lun of 
the bubble gives at equal inclinations in a given tempeiatiuc, noi even lhat which aiiscs out 
of-till appnicnt good lun in all changes of tcmpeiatiuc, foi llio inn, depending on the 
cmvatinc given in gutulmg, may contiuiio to be nnifoim, while the iseio of the scale changes 
by vaiiations of tempeiaUiic, and on this acconnl the incasincs may lie false. It is impoiUuit 
that the astionomei should detect this souicc of cnoi’ whcic it exists, and paiUcuLuly as it is 
geneially unknown tothcinakei, who is not cxtiomely paiticiihu m cxamuiing the inlciioi 
column of lus tubes, in the siiipc way that ho is obliged to scuitinuo his tubes destined foi 
baiometcis, and moic paiticulaily foi thcimometcis. Whencvci tlicio is a sensible difieicncc 
in the capacities of the opposite ends of tho tube, which may bo judged of by in veiling a co¬ 
lumn of watei in it, wlion coikcd at both ends, il is quite unfit foi a level} bccau.se, as the 
bubble IS only the vacant space left by the displacement of the enclosed spiuts, whcncvoi the 
bulk of the liquid is contiacted by a dunnmtion of heat, the bubble is clongiiLcd, and the elon¬ 
gation will not take place alike at tho opposilc cuds of a bubble so cnciunslanccd, hence, 
without any alleiation in the position of the level, a new /cio of incnsiuomcnt will ncccssauly 
take place, and the bubble will become insidious in Us indications, 'j’his effect may ho delected 
by adjusting tho level to a poifcctly hou/onlal and peimanenlhno in a high (cmpcratuic, when 
the bubble is shoit, and leaving it to show theniatui'c of its elongation by a subsequent diniiiiu- 
tion o( hoatj the dinbicncc hotwcou noon and night will ficquontly be bufliciont to show the 
disposition to elongate in one diioctiou moic than in tho otiior, and when thus happens I0 be 
the case with any level,it musl cilhci belaid aside as a dangerous guide, or tho vcio point 
must be asccitamed and maikcd with a pencil 01 sliding index, by icvcnsing the level and ad¬ 
justing 01 allowing foi the tiiic pluco of veio, as iieai to the time of making the obsoivation 
depending on tho bubble, as can bo effected, 01 olhciwise both ends of the bubble must be 1 cad 
oil the giaduated scale 111 tho icvoiscd positions 5 An the ciioi may be made to mcige in the 
collection, when the value of one division in seconds has been asccilnincd, When a lube is 
piopcily giound and found to have an iinifoun and sufiicicntly sensible iiin, it \viU not be ne- 
cessaiy to polish the intciioi face, but caic must be taken that the same siufaco bo uppciraost 
■when thcinsti iimeiit is applied, which was uppei most when placed on the bubhle-tuei, 01 attached 
to a telescope with a giaduated ciiclc 01 miciomctei j lest the ciuvaUuc be not the same at 
diffeient sides of the tube. This, it may be said, is the business of the mafcci, but as Llio effbet 

of vaiiablc tompciatuie of the biass lube, which suriounds and guauls llie glass, may altei tluj 
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cmvatiueancl place of the bubble, at a given inclination, if the glass be undei the command of 
the moie changeable substance, by being in too close contact, it seems desiiable that the English 
aitists should copy the piocaiition of the Fiencli in tins icspect, and leave the glass as much 
at libcity as possible, consistently with its safety, by fixing it at the middle only, and in doing 
this, it Will be nccessaiy to know always which pait of the tube ought to bo uppciinost 

6. It appeals to have been thought a neccssaiy condition in the constuiction of a level, 
that the bubble be not made shott, lest it should be sluggish in its motion , and also that the 
cuive, of whatevei laclius, bo cuculai, in oidei that the scale may be divided into equal paits to 
coirespond to equal vaiiations of inclination inseveial good levels which have fallen undei our 
examination, the piopoition between the length of the tube and of the bubble is about 8.2} 
and gieat sensibility may be obtained in tubes fiom nine to fifteen inches in length, accoiding 
to the inodes in which tliey aie intended to be applied, T. Jones has lately detoimined to 
shoitcn his bubbles with lefeience to the length of Ins glass tubes, fioin a conviction that they 
aie equally sensible in indication, but less liable to change thou zeio points. he also hasadopt<“ 
edthe Fiench plan of fixing his giound tubes into the biass hollow cylnulcis at the middle 
only, to pievent any altciations taking place in the giound ciiive of the level, by ficeing it^ 
ends from contact of the cylindei, 

7. The levels used in piactical aslionomy may bo divided into two classes, the itdingt and 
the hanging 01 icvolving, as they me inoic coinmouly denominated. In the uding level, which 
js gcncially used foi levelling the axis of a pot table tiaiisit, of an cquatoiial telescope, 01 zenith 
miciomotei, the end pieces, connected with the piotcctiiig tube of biass, tciminato below with 
each an inveitod Y, that lesl upon the pivots of the hoiizontal axis, as shown in fig 111 es 4 ', S, 
and 6, of Plato XL} and when tho bubble xvill icst at the same divisions of the scale attached 
to the biass tube, in the leveiscd positions, the angles are considoicdas being adjusted to their 
pioper relative depths, foi in this case not only will the pivots be shown to have equal diatne- 
tcis, but a line forming a tangent to tho middle of the bubble, considered as a cm vod sinfaco,t 
will bo paiallcl to the imaginaiy hue joining tlte uppci faces of the pivots, which line must 
consequently be hoiizoiital If tins is not tlie situation of the bubble aftei levctsion on a truly 
horizontal line, tlial angle must be onhuged a little by a fine file 01 scrapei, to wauls which tho 
bubble ascends in both positions} and iQ when the angle is so alteicd, the bubble is disposed 
to 11111 towards the same pivot m both the loveised positions of the telescope’s hoiizontal axis, 
it may be concluded that the pivots themselves have not equal diamelcis, hence, that which 
icquiics to be diminished must bo giound a little in a blank die, tiiincd gently loiind it, with 
a little fine emery included, when piopoily moistened, piovuled the instiument-inakei is loo 
distant to be applied to. In detecting any macciiiacy m the pivots of an axis, by means of a 
leveised level, gieat caie must bo taken that the adjustable cnd-picces in which the invcited 
angles 01 Ys aie foimed, stand truly veitical, foi sometimes, paiticulaily if the edges of the 
angles aie not loiinclcd, a little inclination 01 declination of these end pieces, 01 of citlioi of 
them from a vei tical line, will send the bubble to one end of the tube, by making one side only 
of the angle lest on the pivot. This is a souice of ciioi which must be guaidod against, by 
giving such piopci faces to the angles as will allow the bubble to remain stationaiy while 
the level is tinned back and biought forwaids a little out of the tuxe veitical position of tlio 
end-pieces, In the iiding levels of some makeis, one of the angles is usually adjustable by a 
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aciew, but ■when the angle is once piopcily made, it will seldom leqiuie to be alteicd, and 
thciefoie is bcttei without such sciow. It la not quite ceitain whcthci alcohol oi elhci in¬ 
cluded in the picpaicd tube, heiinetically scaled, foinis the bettci level, if tlio foiinci be less 
sensible, it is poihaps less liable to decomposition, and on that account is inoic usually chosen 
In many of the best levels having a fixed giaduitcd scale of ivoiy placed ovei the bubble, 
with a zcio at each end, a pan of moveable indices put to the ends of the bubble, at the 
points whcio the bubble will settle at both the icveibod positions, become a pan of tempo- 
laiy zeiocs foi the icspoctivc ends of the bubble, whatovei maybe the state of the almospbeie 
01 otheiwise the giadiiations aio figuied both ways fiom the ceiitial point as a single /cio, 
without such indices 

8 The banging oi i evolving levels have also then angles mvcilod, but aie at the suponot 
ends of the end pieces , they may be suspended eithci on the pivots Uiemsolvcs, if the axis is 
sboit, 01 , if long, on two equal cyhiidcis placed paiallol to the lino joining the faces of the 
pivots, and boine by the axis, as seen in the I^lates XIV and XV. 'fhe angles aio sometimes 
cut in the end-caps of the biass tube which contains the level, and sometimes foim cianlt- 
pieces by which they me suspended, agiecably to oiiotunstances j but howevci the angles aic 
foimed, the levels must be capable of leveision in position, as well as ol pioscmng then pa- 
lallebsm, by making a i evolution as the axis of the telescope turns lound Tlic sumo altcntion 
js due to the foimation of the angles of a banging as of a iiding level, and the convcnicnco of 
the lattei ovei that of the foimci consists in its exhibiting at all times, by simple inspection, 
any the slightest deviation in the axis of an instunncnt fiom the tiuo hoii/onlal lino. In some 
of the inodcin levels thcic aie a pan of scicwa dnlcung the buiss tube ncai one end, by moans 
of which an adjustincnt of the piuallclism of the biass tube and bubble may be cUcctccl without 
filing 01 bciapnig the angles, which adjustment is voiy convenient, especially as it may be made 
while the level lemaina suspended. We have only fiulhci to louiaik on tins siibjccL of levels, 
that whotbci they be used loi vcidying the position of a telescope’s axis, oi Ibi pointing out 
and watching the zcio of giadiiations in any instuimont, foi both winch puiposcs they are 
eqii.illy adapted, thopiopei adjustments of the level itself must piccedc all othoi adjuslinonls 
that depend upon its accuuicy foi what the instiuinont has to indicate, olhei wise the results will 
be unccitain, and piobably eiioncons, 

9 The rcadci will now be picpaicd to foim an estimate of the piopeities ol his level, and 
when he has examined it he must hoai in mind, that the qualities which constitute its excellence 
may bo enumejatednndei the following heads, viz. 

Fust, the bubble must bo long enough, compaiod with the whole tube, to admit of quick 
displacement, and yel not too long to admit of its pi opci elongation by low terapera- 
tuic 

Secondly, the cmve must be such, that the sensibility, and uniform iini of the bubble, will in¬ 
dicate quantities sufficiently minute, while those quantities coricspond exactly to the 
changes of inclination, as lead ou the giaduatod limb of the mstiumenl of which il forms 
a pail 

Thu dly, the bubble must keep its station when the angles aie moved a little round, the pivots of 
suspension. 

Fourthly, The opposite ends of the bubble must vaiy alike m all changes oftempciatiuc, or, in 

p p 2 
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othei woids, the ends of the bubble initst elongate oi contiact alike in opposite chiectiotW» 
so that the middle point may always be statiouaiy 
Pifthly, the angles of the metallic end pieces must be so nicely adjusted, that levcision on ho- 
nzontal pivots thataie equal, will iiotaltei the place of the bubble 
Sixthly, the distance between the two zeiocs of a fixed scale, when such a giadnatcd scale is 
used, should be equal to the length of the bubble at the lempeialiue of C 0 ° of Falncnheit^s 
scale, and should be maikcd at equal distances fioin the visible ends of the glass tube. 
Then as the bubble lengthens by cold, oi shoitens by heat, its extieino ends may always be 
lefened to these fixed inaiks 0 , 0 , on the scale, and will fall eithei within, upon, oi beyond 
them, accoiding to the existing tcmpeiatine Thenumbei of subdivisions of the scale tlmt 
each end of the bubble is standing at, counted from the fixed zoio maiks, at the instant of 
finishing an obseivalion, must always be noted, that an allowance may be made foi the 
value of the deviation m seconds, + oi —, as the case may leqnnc 
Seventhly, xvhen the two ends of the bubble aie not alike affected by a change of tempoiatiuc, 
the scale should be detached and adjustable to the new zeio points, by an mveision of the 
level < 

Eighthly, when the scale has only one zeio at its ccntic, which is a mode of dividing the least 
liable to misapjuchcnsion, the positions must be icveiscd at each obseivation, and both 
ends of the bubble lead in each position, foi in tins case, if any change has taken place ni 
the tiuo position of tins zeio, the icsulting cnoi will mcigc in the i eduction of the obsei* 
vation. This mode of giadiiuLiiig is geiicially piaclisod on the Continent, 

10. It now icmains that we explain thepiopcr methods of icgistcimg and ieducing tho 
indications of a level m taking actual obsei vations. We will fiisl cousidci a scale that counts 
both ways fiom one zero at the centie of the level's tube, and lliai has the places of the ex- 
tieme points of the bubble indicated by its divisions} a scale of this most uselul dcsciiplion is 
figuied both ways, 5, 10,15,20, &c. to the light and left of zcio, and when the level is known 
to be peifect and m clue adjustment, its indication may be taken in the liist position only foi 
common obsei vations, whcic gioat accuiacy is not a piincipal object, and then, whcn/i,, 
the value of one division is known, and the euoi in c/rc is requned to be ascci lamed theieby, 
it may be had by the foi inula 

Collection s= .4, 

2 

in which expiession o denotes that end of the level winch points to the objoct-end, and c that 
which points to the eye end of the telescope, and the leadings must be logisteicd accoidingly! 
foi instance, when a level having one of its divisions = 0".7^ was used with a ciicle, the lead¬ 
ing at the end o, no matter whether pointing to the noitli oi south, was 42, and that at the end 

e 64i, and——- x .75 = 4".50 will be the icduced collection of the instiuinent’s position, 

and must be applied with the sign + or — accoidingly as the instiuinent is measuung alti¬ 
tudes or zenith-distances. When the bubble inns moie towaids o, the object end, it is 
known that the telescope has too gieat an elevation, admitting it to have a connexion with the 
level, and theiefoie the sign of the correction must be to dimmish the altitude given by itj 
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but if zenith distances aio icacl on the giaduated aic of the instiument, this distance \vill be 
given loo small, and the coueclioii must thciofoie bo used with the sign +. But if the bubble 
luns inoic lowauls the eye-end <?, the signs must be leveised, in applying the collections ic- 
spectively. With common attention the due application of the signs of the collection can 
haidly be misundcistood, as they have no I'clcicnco to the caidinal points, but only to the 
duection in •which the numcials mailccd on the giaduatcd aic o( the ciiclo succeed one anolhci', 
VIZ. whcthei they count fiom the point hoiizon oi the point zenith 

11 But the accuiate astionomci will not otlcn depend on his level till lio has icveised his 
position, end foi end, and lead its indications also in the second position 5 in this second posi¬ 
tion the level changes its ends, with lefciencc to the ends of the telescojie; let the leadings 
now be denoted by o' and <?', as the ends of the bubble have lofcieiico to the object and eye- 
ends of the telescope, and the foimula loi giving at once the sum of the two collections, de¬ 
pending paitly on the state of the level, and paitly on its iclativo positions, will be compounded 
of all the foul leadings thus 

Collection = 'fX.Z, 

4 


Suppose the leadings to bo 0 =3 50, e = GS, o' = 5''/, and e' 3 = 5G, then 0 -I' o' n 107) 

e ••(-?'=: no, and 119 — 107 = 12 , hence wo have x 0.75 =: foi the collection: 

4 


and as the object cud of the level has the smallci quantity, the telescope is not sufficiently ele¬ 
vated, and the collection will he + foi altiludcs, and — foi zenith distances. We shall coino 
to the same conclusion if wc dciivo the two collections scpaiatcly fiom each of tho posi¬ 
tions, and then lake a mean of tho two, by using half then bum, in the following inunnei , 


0 cv> e 
2 


13 

“2 


0.5 towards e, and 


0 cv) e 


A towauls o', then 


6^,5 - 0 

■ j~- 


S, and 9x0 .75 


= 2" 25 as befoic, with tho ckcoss at the end c, tn this scale 0 i c and O' ‘f- e' will each oi 
them be equal to the total length of the bubble, and if the sums aio not the .same, eithci the 
bore of the tube vanes, oi the loadings have been iccoidcd incoiiecily 

12, When the level is applied to the lionzontal axis of a liaubit-instuiinonl, llic inclination 
which it points out ha,s lefcicnce to the e.ibt and west points of the hoiizon, in the diicction of 
which this axis lies at all lanes, and tlicicloie wc bubstitiitc the lettcis w, 10 ', and e, e' foi the 
Ictteis which have lefeicncc to the opposite ends of tho telescope, when altitudes and zenith 
distances die ineasuied, and as the cffl'cl of an inclination in the transit-instiumcnl’s axis is to 
give the time crioncously, by n quantity depending on tins inclination, S 01 —, as the case 
may be, it has become usual to change the foimula, foi giving the eitoi ol position in aic, into 
one that will at once give it in tunc, viz. instead of 

(w -h to') — (e + e') , 

. i, 

the foimula becomes 


- - - - . (1 tj) .Ic, 01 Jr («> 1- *b') - (<? + O' 


4 X 15 


60 


winch IS of the same value, but inoie convenient, because with any given level — is a constant 
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fdCtoi When the ieduction of this eiioi lias been made, as we shall have occasion to do when 
wci tieat of the tiansit-instiiiincnt, the sign will be + oi - accouhng to the end of tho d\i& 
that is elevated above the hoii^on 

13 When the level’s scale has two zeioes including tlie length of the bubble at a mean 
tempciatuie, the distances fioin those points maiked on the fixed scale, may be put down with 
then signs + oi instead of tho wliole absolute distances bom the middle of the scale, and, 
by attending to the application ol the signs, the same lesnlls will follow as aic dciivcd fiom one 
zeio, whcthei the level be used in one oi both of the icvciscd positions If wo take om flist 
example foi one position only, and assume the zoio points 0 and 0 to be at 45 divisions fioui 
the middle, the leadings would be = — S, and e = + 9, the diffeioncc between winch is 
19, and one half of 19 multiplied by 0 r/S will give 4" 50 as bcfoic And in the second cxuiut 
pie, wheie both positions of the level weio used, if wo assume the zeio points at 55 divisions 
each fiom the middle of the scale, wo shall have o = — 5, o'= + 9, c = + 8, and d =z + 1 j 
thciefoio (o + o') = — 3, and (c + e') = + 9, the diffeioncc between which is again 12, then 

_ X 0 75 2''.95 will aflbid tho collection bofoic given. Caihm has afliinicd, 111 a iccoiit 

4 

publication, that a pcifcct level will become impeifect by long use such dclciioiation may 
piobahJy be occasioned by fiequent cxposnio to the syii 


§ LI ON ARTIFICIAL HORIZONS [Pi-ail XXIX ] 

1, That laige ende of the celestial sphcic, winch sopaiales the iippci fiom the lower liemi" 
sphcic, and which is called the honzon, is of no use to the piaclical aslionomei, as a line of 
depaituie, to which his obseived altitudes maybe icfcncdj the nulcntations made by the 
inequalities of the caith’s siufacc, icndci tlie dislincUon between the lational and sensible 
honzon quite unneccssaiy, and it is only in nautical obseivalions made by icflcctmg iiisliu- 
meiite, wheie an allowance i.s made foi the ciuvatmc of the aqueous suifiicc, that the naluial 
honzon can be available. Bui a leflccLiiig plane, situated atnglit angles to a pcipondiciihu 
lino, may be substituted foi thcnatuial horizon, and is theiofoio called an ari^icial honzon, 
It is a well known optical fact, that when a lay of light comes fiom a luminous body, and falls 
obliquely on a leflecting plane suifacc, the angle of incidence on that plane, as it has lofoioncc 
cithei to the plane itself 01 to a lino perponchculai to it, is always equal to tho angle caused by 
reflection and consequently when a heavenly body is viewed, as seen icflccted Aom a peifect- 
' ly houzontal plane, its apparent situation is just as much below the lalioiial honzon as its leal 
situation, when viewed by duect vision, is above the same Hence all obsci vations of a heaven¬ 
ly body, taken by leflection, give double the appaicnt altitude, and vaiions naluial as well as 
aitificial leflecting suifaccs have been accommodated by aitificial aiiangemcnts, to affoid tho 
mean^ of obtaining double angles, that maybe eithei taken as absolute mcasincs, as checks on 
single measuies, 01 as tests of theindcx-ciroi of a giacluatcd cncle When the heavenly body 
moves very slowly, as is the case with the polc-stai, tho houzontal position of the axis of a 
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tiansit-instmment, oi of an asti onomical ciicic, may be vcuficd by an unmecliatc coinpaiison ol 
its diicct and icflcctod places, as icfoiicd to one of the veitical lines of the eyc-piecc. We 
wiU theiefoie give a bucf account of the difpoieni conliivanccs which have been used for these 
pm poses, and which have obtained llic appellation of ailihcial hoiizons 

Honzonlal ciicuhr Spirit-level. The most convenient poitable hoii/on which wo have 
seen used, is that which is lepiescnlcd by hg. 2 of oiii riale XXIX, it consists of a ciiculai 
box of biass 3 .75 inches in diamctci, and half an inch 111 depth, containing alcohol, and having 
an an-tight covci of gla&b with its inteiioi face giound into a concave portion of a splicic, but 
not polished, and its cxtoiioi face gioiind and polished into a peifcctly plane sin face, il stands 
on tliioe equi-distant Icct, a, h, c, foiined of scicws that seive at the same time for adjusting 
its position, and when the stopple at d is withdiawn, a small Innncl inscitcd into tho Lube 


allows the spiiit to bo admitted into tho box 111 such quantity, that a bubble of an only icmains 
at the top, not sufflcient to fill the whole cavity j which bubble will take a tucular shape, and 
lemain in the ceiitie of tho cavity, when the cxteiiul siiilaco of the circnlai glass plate is pci- 
fectly hoii/ontal in all duoctions. It may be bioiigbl iiito tins siluatiou by the scicws consti¬ 
tuting the feet, when standing on a film basis at a piopci height and distance, as it logaids the 
object-end of the telescope, that icqiuics to be diiccted upon it in taking an observation, As 
the concave face of the glass is loll i oiigh, but not so as to pi event tho bubble from being visible, 
theie aic not two images foimcd by two icfloctions and lefiaclftioiis, and when there is icason to 
suspect that the uppci Avee is not parallel to a tangent at the vertex of the inlciioi cavity, tho 
box may be turned half lonnd moic 01 less, and ic adjusted for ii icpealod obscivalioij of the 


polc-stai at its mciidian passage, when it will appeal what confidence may be placed in a hoii- 
zon thus constructed. It is haidly necessaiy I 0 obseivc, that a change of tempoiatuic will 
affect tho size of the bubble, and that when used will) the sun in summei, it may be necessaiy 
to withdiaw the stopple, and peiiml some of the spnit to escape. 

8 . Cir culan Plate with a delac/ted Level. The altcialion produced in the picceding artificial 
hoiizonby a change of tcmpciatuic, has been avoided by Mi. 'rioughton, who has placed a 
cncnlai plate ol black glass upon tlncc legs, with scicws of adjustment foinied upon them, 


and applied a shoil spiiiUcvcI, boimeticnlly sealed at botii ends, 


and having a plane faro 


giound undci tho tube, whcio it lies in contact with the plate’s icflocting smfaco. In tins con- 


stiuction, which is made an appendage to tiio small box sextants, double images lue avoided, 


and the level, being capable of loveision in position, will put the cxtciioi polished suiface, by 
means of the feet sciews, into a state of jicifect hoiizontality. These hoii/ons have mostly 
been used with sextants 01 icflccUng cuclcs on shoie by nautical men andolhois, butiftlie 


polished plates weie of hugei dimensions, they might bo used in some cases with advantage ui 
the obseivatory. In bunging this icflectmg plate of the Iioiizon into a plane which shall be 
hoiizontal 111 all diiections, the obsoivei will avoid some tioublo and loss of tune, if he will 


attend to the following dncclions. Tiy if the bubble will icvcisc in position on any liorizoiital 
plane that may be chosen, and if it will, it is fit for its pin pose j othciwisc the fiat face must 
be lectified by giinding, till it will levcise and keep the bubble at the middle in both positions, 
when this face is known to be paiallcl to the bubble, apply tho level acioss the pLste to be 
levelled m a direction paiallel to tho line joining two of the thiee feet, as a and />, and move 
one of these scicws till the bubble will remain m the middle of the tube in both tho leveiscd 



296 


ON ARTIFICIAL HORIZONS 


positions, and the plate will be lionzoutal in that cliiection Then, because a line diawn fioni 
the thud foot c to the middle of the line joining a and b is pcipendiculai to il at that point, the 
level must secondly be placed upon this peipenclicnlai line, and the scicw of the Ihiul fool 
tuined back oi foiwaids, till the bubble will losl at the middle of its tube as befoic, and the 
foimei levelling will not be alteied theieby, piovidcd the thico feet foim an oquilalcial tiianglq, 
which the consti action piofesses, hence the plate being now hoiizonUd in two chi actions, at 
light angles to each othci, will uecessanly be hon^oiital in all othei dncctions, and the bubble 
will lemain in the middle of the tube if it be placed on any pait of the leilceting siulacc. If 
this method of managing the sciews be not adopted, the obseivci may turn fiist one foot-scicw 
and then anothci, as the place of the bubble may appeal to lequiie adjustment, till Ins patience 
IS exhausted, and the oppoitunity of inalcing his obscivation lost. 

Vaiioiis fluids have been pioposed as substitutes foi aitificial suifaccs, of winch watoi, oil, 
and incicuiy well pmifiod have been found the most useful on tual, when the conliiimng vessel 
has been placed on a solid basis, and piotccted fiom the infliiciicc of the wind. Our fig. 4, 
skews the shape of a loof, consisting of two plates of* glass with paiallel faces, that Tiough- 
toii places ovci an oblong vessel of meicuiy, to piovent Us being agitated by the wind, which 
piotcctioii enables an obseivci to take the alliliule of the sun or moon by a icflecling ciiclc oi 
sextant oiitofdoois, and when the i oof has its position levoiscd at a second obsci vation, any 
ci'ioi occasioned by niiduo icfiaclion at eithci plate of glass will be coucctod. At Giccmvich, 
whcic one of the two oiiclcs now constantly inoasuies by leflcclion, wooden lioughs of cliffoient 
shapes and dimensions aio used fot containing the mcicuiy, which have covcis and openings at 
the ends to admit the cnliance of the incident lays, and exit of the icflcctecl ones, .iccoicUiig to 
the ciiffeiont altitudes of the stais obseivod, The positions of the tioughs aic legulatod by 
varying llicii heights and distances, as they legaul the object-cncl of the telescope, and expe- 
iionce has pioved, that obseivations may be made in this way by a caicful obseivci with the 
gicatest acciiiacy. Dolloncl has constiuclod a stand for a mahogany liough, shown in 
fig. 5, which lias a system of stiong tube's, diawing out to two foot and a half, and adjustahlp 
to any convenient height, without vaiying the clislancc, and capable of being fixed by the 
cyllnchical nuts a, b, and c, embiaciiig their icspoclivo holding tubes, that have slits about two 
inches downwauls in thieo cqiii-chstant places, and sciews cut to fit the nuts which close the 
slits, and fix the tiongh at its lequiicd height fiom its loaded pedestal When the altitude of 
the stai 01 othei body is picviously known within a few minutes, the uistiiimcnt may be fiist set 
to its clcpicssod situation, and then the tiough adjusted to suit it, but if the altitude is quite iin« 
known, the eye looking clown the .side of the telescope, oi tlnough the fiiulei, if thoio be ouc, 
to the icflectcd image, must diiect the position appioximately, and then the final adjustment 
jinay be made by the assistance of the telescope itself Tlie situation of the tiough containing 
rhercuiy must be fai enough lemoved fiom a public load, to avoid ticmois on the leflecting 
s&tfifea], which would be occasioned by the motion of a cauiage, Piofcssoi Gauss of Goltingcii 
SucceoAcid in taking the altitude of tho polc-slai, as leflected fiom a vessel of walci, even in 
the day-tilie, and his clccluction of its zenith distance taken fiom both the supeiioi and infeiioi 
culminations, accoideil so exactly with obseivations taken by diiect vision, fiom which tho 
place of tho polai point on liis new ciicle was deleiinined, that no doubt can be enteitainod of 
the accmacy wiuoh obseivations by leflection fiom watei aie capable qf. Such observations com- 
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paied-with otheis taken by duect vision, aie not only useful in detei mining the apparent decli¬ 
nation 01 polar distance of a star, but also in detecting eirors in the constiuction and adjust¬ 
ments of the laigei instiuments. 


A 






§ LII ON FLAMSTEED’S AND LA CAILLE’S METHODS OP OBSERVING, 


1, When Flamsteed was appointed to the Royal Obscivatoiy of Giccnwich, his first object 
was to supply himself with instiuments piopei for asccitaming the places of the heavenly 
bodies. He had previously contiacted an acquamtanco with the foundei, Sii Jonas Moor, 
while he lived at Deiby, and had been pioscntcd by him with Townley’s imcroinotei, which 
we have had occasion to mention [§ XVIII. 13.], and which he used there in the yeais IG 7 I, 
167®> 1673 * and 1674*. At that time, the clock-makei was the only person to whom the first 
astionomei loyal could apply foi the construction of his instruments, and the only models 
befoie him weie those of Ilcvelius and Tycho Biahe; the transit-telescope had not boon 
invented The most eminent clock-makei of tlic day, Toinpion, was employed, at the expense 
of Sir Jonas, to make a sextant of upwards of six feet radius, with a limb racked at the edge 
to woik with a scicw, and having telescopic sights. with this instrument, and two annual 
clocks, fill lushed by the benevolonco of his friend, togdlher with one weekly clock belonging 
to himself, FltUnstccd cntcicd the obseivatoiy in August 167(3, and began his obscivations in 
the following month. Of this instrument the aiithoi has given a dcscuption in the 2b okgoniena 
of his Htslotta Caileslis, with cugiavcd figiucs at the end, showing the dilTeicnt paits of the 
mechanism, fiom which it appeals that it had two telescopes, one fixed fiom the contie to the 
exticmc end of the limb, and the other moveable along the lunb fiom its parallel position. 
The sextant moved on a pohu axis, so that it could bo placed and fixed m the piano of the 
meridian, with the xcio put to any altitude 5 hence both altitudes, 01 zenith chslances, and 
right ascensions, could bo taken at the same time, but as it was found difllculL to vciiiy 
the position, the iiistiiiment had moicovoi tho means of luinmg the lunb into any plane passing 
thiough two given slais out of the mciidum, the distance between which it could mcasuio in 
any diiccUon, by moans of tho two telescopes, which included the mcaaiucd angle between 
them, while each viewed its own stai. In tho yeai 1077, the tiueads of the aciow, guiding the 
motion and sustaining ihc weight of the moveable telescope, woio worn so unequally, and iii 
some places so much, that the mcasiucs afl’orded by its 1 evolutions could be no longei depended 
on, and Iheiefoic the hmb was divided into dogicos, and subdivided by a diagonal scale, as a 
chock on the loadings of the sciew, which had been tabulated into the sexagesimal donomina- 
tion, tho Tabic was then icctificd by suitable collections, in the foim of equations. ' 

S With this appaiatiis, m Ucccmbci 1677> the gieatost and smallest zemtli distances of 
seveial cucumpolai stais weic obseivcd, by determining then mutual distances fiom one 
anothei as they passed the meiidian, and fiom these observations, cleaied of icfraction, the 
latitude of Gieenwich Obscivatoiy was deleimmcd to be 28' 10 "j fio polc-slai being at 
the same time determined to be 2 “ 25' 10 " fiom the polai point. But to put this detcimmalion 
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of tlie Jatitiide to the test of another method, this fathei of English astionomers measured the 
zenith distance of ^ Uisae Majoiis, and also its distance flora the pole-stai, with which distances^ 
and the diffeience of then obseived light ascensions, he obtained the following lesults. viz. 

Zenith distance of r\ Uisse Majoris ... . 32“ 10' 0" 

The distance of ditto fi ora the pole-star . . . . 41 23 0 

The diffeience of theii light ascensions . . . . 164 9 0 
The appaient latitude thus deduced .... 51 29 

The latitude collected fot leflaction . . . . 51 28 SO 

This latter deduction differs only 9" oi 9".5 flora the most recent detcimmatioii made with 
modern instillments, with the advantage of all the best tabulai collections, and the impiovc- 
ments ill then construction, which have gradually taken place duung a centiiiy and a half: 
and yet tins approximation to the tiuth is highly impoitant to astionomioal deductions depend¬ 
ing on such an element of computation. With this sextant ohseivations continued to be made 
till the 15th of Septombei 1680, when, on account of the weight of some of the moveable pails, 
and weakness of otheis, affecting the steadiness of the position, and of the difficulty of fixing it 
fliraly in the plane of the meiidian, it was detci mined to dismount it, and to leplace it with 
another made inoic fiimly, of neaily the same ladms, which this astionomcr now completed at 
his own expense, and divided with Ins own hands. With this new instiument several meiidional 
zenith distances of stais and planets woio taken by Eimnstecd between the ycais l68S and 
16S7» botli inclusive, assisted by his aiRumiensis, J, Staffoid. Eiom those and foimei obseiva- 
tions ho made a catalogue of the light ascensions and declinations, as well as of the longitudes 
and latitudes of 150, which was used as a list of rcfeicnce, with which to compaic the places 
of comets, the supcixoi planets, and stais, until the year 1696, when he deteimined on forming 
an extended and more accurate catalogue. This fiist catalogue was confidentially shown to 
Sir Isaac Newton, and othoi leading mcmbcis of the Royal Society, while the author was 
computing the enlaiged one, when it was discovcied that the structiiie of this second instru¬ 
ment was still too weak foi picseiving its diffeicnt positions unaltcied, and theicfoic it was 

taken from the raciidian wall, to which it had been made fast, and sticngthencd by non biacing- 
pieces, and leceived anew limb of biass. 

3. Aftei the death of Staffoid, which happened in May 1688, Abiaham Sharp, a skilful 
mechanic, was engaged as an assistant in the following August, and was employed iii fitting up 
and graduating the dismounted instrument. Soon aftei the introduction of Shaip, a imiial 
aich, of 79^ inches ladius, was begun, winch engaged this ingenious seivant fouitcen nionth-s 
befoic it was finished, at an expense to Flamsteed himself of ot?120. The aich was extended 
to about 135, that it ought leacli beyond the noith pole, and when it was icady foi receiving 
the giaduations, it was fitted to its place on two ineiidian walls, one facing the east and the 
Othei the Tvest, in order that, by means of a pluinb-hne, and the icvetsed obseivations of 
y Draeonis, the zcio point might bo detei mined, from which the divisions of the limb were to 
commence, as well as the first notch foi lacking its edge by the sciew, which was to conduct 
the telescope and index along with it. This arch was divided by Shaip into spaces of 5', 
between two cuculai lines diawn at the distance of an inch and -firVths flout each othei, and 
diagonals were tflawn fiom point to point in such way, that the fiducial wedge of the index-bar 
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pointed out, by its inteisection, the nearest minute, and as the spaces between each minute 
weie subdivided into six paits, each 10" oi by estimation each 5" could be distinguished. This 
muial aich being at length fiimly fixed to the mciidian wall, and furnished with a single te¬ 
lescope, was the admiiation of cvciy spcctatoi. With this instrument the astionomer loyal 
determined his latitude, taken fiom the two zenith distances of the pole-stai, to be 51® S8' Sd", 
appioxiinating still neaici to the tiiitli. Fiom the suinmei solstice of IGQO ho dcteimined the 
obliquity of the ecliptic to be 23® 28' 57", and flora the wmtei solstice of the same yeai ho 
made it 23° 29’ taking his latitude in both cases at 51° 28' 30" only, as he had at fiist detei- 
inined it. Now if we compute the obliquity fiom Bessel’s annual diminution of 0 ".<Ij 57, and 
begin with 23® 28' 17".C5 foi the year 1750 (Vol 1. p, 43G), we shall have 28® 28' 4(5" for the 
mean obliquity of IG 90 , as given by lecont obscivations. By a comparison of various obsciva- 
tions of the sun and of ccitain stais, obtained by this muial aich, with the obscivations antecc* 
dently made by Beinaid Waltci, Tycho Biabe, lliccioH, and IIcvclius, Flamsteed dctoimined 
that the equinoctial point of the ecliptic icccdes 50" in every ycai, 

4. Though the muial aich was made fast to a wall which had been built fouiteen years, 
yet It was supposed fo mnk aliltlu cveiy yeta, so aS to icquiic an annual collection; but as 
the collections depending on aboiiation and nutation were not then known, such annual col¬ 
lection of the wall could not be accuialc. The insU’iuncnt was fixed in the plane of the 
mendian in the fiist instance by means of the passages of the pole-stai, and its deviation was 
coi reeled by equal altitudes, taken to the east and west, by a sextant of foui feet radius, made 
foi the occasion, but aftei all it was found that the index connected with the telescope, 
sliding along the plane of the divided aic, did not guide the object-end m a ciiclo of declina¬ 
tion that was in all points of altitude peifcctly veitical, and that consequently a peifcct light 
ascension insliument was still a desulouiUnn in puictical aslionomy. 'I'he obscivations, how- 
evei, made with ibis muial aich wcic continued foi thlity ycais, and notuly 3000 stars were 
computed and aiiangcd from them, constituting the Bunisu Cas Ai.oour,, and iiflbulmg data for 
the piojection of a laige volume of celestial maps, which bcai testimony to the skill and 
industiy of their aiithoi, and winch may, even now, be consulted with advantage on many 
occasions. 

5. Aftei the death of Flamsteed, which happened in 1719* Di* Ilallcy succeeded to the 
situation of astionomei loyal, and m the yciu 1722, though then sixty-five years of ago, 
commenced his Saros, 01 obscivations of nmetoon successive ycais, piincipally ol’ the moon's 
motions, which were published down to the year 1738, and the lomainder aio in manusciipt, 
deposited at Greenwich Obseivatoiy. It was piobably under Halley’s direction that a transit- 
instiument was fiist consUuctcd and oicctod at Greenwich, with whicli, and the iron mural 
qnadiant by Graham, he made Ins obscivations This tiansit-msUmnent had tlie tel^sbopc 
neai one end of Us hoiizontal axis, and is still picscived at Gieenwich, but lias long bean out 
of use. This aged astionomei died in Ins eighty-sixth yeai, in 1742. We will give a speci¬ 
men of Flamsteed’s mode of legistciing his obscivations, winch will explain ins method of 
obsciving bettor than any particulai description, that wo can give m woids only; and, that we 
njay give a faithful tianscript, wc will copy his language itself veibatun. 
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6. In the year 1743 the Fionch astronomer, La Caille, commenced his observations 
on the southern stais, winch he continued at Pans and the Cape of Good Hope till the year 
1752 . He had rcmaiked that the two methods of obsoivmg light ascensions, which had been 
practised before his'time, weie both liable to considerable eirois 5 the muialarch, 01 quadiant, 
and the transit telescope, both required the greatest caie in gelling them into the plane of the 
meridian coneedy, and the instability of then adjustments produced such a want of confidence 
in their peimanency, that it was always found necessaiy to collect then positions by equal 
altitudes taken at each side of the meudian, and to compare the middle tune, thus obtained, 
with the time of the obseived meridian passage of the same body taken on the same day. 
This circumstance induced La Caille to reject meridian passages altogethei, and to lely solely 
on equal eastern and western altitudes, and their conespondmg times, foi deteiinunng tlie 
tmddle of the interval as the apparent time of the meridian passage. This mode of obseiving 
required only an equal altitude instrument and a good clock, ii) addition to a tolerable stock of 
patience and perseverance | for frequently, during the period of observing at the Mazaune 
College ^n Pans, from the year 1743 to 1750 , the eastern observations were rendered inefitbotual 
by the intervention of clouds impeding the corresponding western ones; but still the few 
determinations obtained under such disadvantage were deemed more desirable) than the mean 
nght ascensions derived from several doubtful tranats ovei an unceitam mendian. The 
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iiistiuinent applied to this puipose was an lion qimdiant of llnee feet radius, the motions of 
which, we aic told, weie easily guided by a sciew*. In the yeais 1751 and 1752 the observa¬ 
tions weie earned on at the Cape of Good Hope, and in 1758 at the Isle of Fiance j the 
zenith distances being also observed with a six feet scctoi These obscivations, being made 
aftei Di. Biadley had discoveied the abeiiation and nutation, had the advantage of collections 
for conveiting the appaient into the mean places, and finiushed data foi the catalogue of 
898 stars contained in this autlioi’s Asironomice Fwidamenta, published at Pans in the year 
1762 , as reduced to the year 1750. It was tins asUonomer’s oiiginal intention to obscive all 
the biightei stais fiist, and to coinputo then places as so many fixed points, to which tlic places 
of the smallei stais might afteiwaids be icfeued by coinpaiison, and the limit of magnitudes 
was pioposod to be those stais which wcic visible with using a telescope of only two feet focal 
length, but the former pail of tlic plan only was accomplished. The telescope used at Pans 
had a focal length of nearly five feel, but it was shoitencd to tin 00 loot and a half, as being 
more manageable, foi the obscivations made at the Cape, The qimdiauL was adjusted for 
taking altitudes by a plumb hue of silver wire, piolcctcd fioin the wind by a long guttei made 
of biass (oiichalcico canali), and the suspended weight was imnieiscd in a waici-vessel, 
while the divisions on the limb weto icad by a microscope placed immediately ovoi tho line, 
by the assistance of a lamp. Besides the fixed hoiizontal wiie in tlic common focal point, the 
telescope had a imciomctei with a mo\cahlo wue, which was sopaiated a shoit distance ftoin 
tho fixed one, and the altitudes weie taken at both those wiies in each coiicsponding observa¬ 
tion. Tho cu’oi of zero on the limb was determined by several oxpcuincntal obscivations 
made Successively in the ycais ITI'S, 1745, and 1748, from which it appeared that the constant 
enor to be applied to the altitudes given by the limb was — 19", At tho Cape, when tho tele¬ 
scope had been shoitoned, the optical axis was found to have undeigonc an alteration, and 
from a mean of tluec iiials the ciroi of zeto icquiicd a collection of - 51'’. Wo mention these 
particulars to show what precaution was deemed necossaiy in the use of inaliuments even where 
exact graduations woic not of so much impoilanco ns in modoin observations, for, m the 
method of obsoiviug by equal altitudes, it is not the alisolute, but the lelative altitudes, on 
which the time deduced depends, though the ineasuros arc none of thorn quito coirect, yet if 
the corresponding ones arc ahke, this is suflicient for the puiposo j and the method might be 
levivedwitb gieat advantage, where opporlumties foi deteiraining the lime in an unknown lati¬ 
tude would admit of its being practised, Wo subjoin a few examples extracted from La 
Caille’s own legistcr, that will explain, better limn any desciiptive lules, tho process by whiqh 
the apparent nght ascensions were obtained. In these obscivations two clocks weio used, as a 
check upon each other, one by the celebiated Julien Lo Roy, and the other by D. Thiout} 
but the latter did not affoid much Msislance. These clocks wore legulaled to shon^ sideieal 
time. We have alieady explained La Caille’s method of obseiving with his leticle in § XXVI. 


** Aslionoima) Pundnmento, &c, a Nicolau-Iiudovico Do k Cmlle, p 2(i, 
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'/ 5 Hill ON THE TRANSIT-CLOCK 

1. BErOBC we ptoceed to treat of the Iransit-msUument, it will be piopci to ofFei some obser¬ 
vations on the diffeient consti notions of its companion, the clock, on the good pcifoimanco of 
which the exact deteimination of light ascensions of the heavenly boches mainly depends. It 
would carry ns beyond our piesciibed hmits, to entei into a minute detail of all the constituent 
parts of this usefiil machine, and to show how all the acting poitions aic mutually connected 
in the different consti uctions, and assist each othei’s action in the most advantageous manner; 
such explanation would leqiure seveial plates of lefeience, and at a tune when clock-work 
has claimed and Obtained its shaie of public attention, may be considered unnecessaiy It will 
be suflicient foi oui purpose to notice, that whatevoi maybe the consti uction of the clock made 
choice of foi an obseivatoiy, tho escapement and the pendulum aie the two most essential 
objects of considei ation, of each of winch mechanical ingenuity has funubhed a gicat vaiiety. 

2. Escapements may be divided into five classes, recall, dead-beat, tsoch oml, fi ee, and re¬ 
monton , the fiist of these, and which is most commonly applied to oidiimiy clocks, impels and 
retaids by turns the altoinate motions of the pallets, by its continued action on their faces, oc¬ 
casioned by a foicc denved tliiough the media of the wheels and pinions /loin a suspended 
weight, denominated the maintaining powei, while the ciiitch, on the axis of the pallets, 
tiansmits this inodiflod foice to the lod of the pendulum, and thus peipetuatos the vibiatioiis. 
The constancy of the cscapcment-whecl’s action with the pallets, m this consti uction, owing to 
then cuneifoim shape, is so cucnmslanced, that the fbice of the ictiumng pendulum makes 
each pallet in its tuin oppose the foice deiivcd fiom the maintaining powci, when the wheel is 
obliged to recede foi a motnent, and the second’s hand nisei ted on its axis at the same tunc 
iccoils. The effect of this action is, such altoinate pushing and opposing of the pendulum, 
in diffeient paits of each vibiation, that an mcieasc in the maintaining powci acceleiatcs the 
rate of going, and consequently any uiegulaiity m the action of the whcel-woik, which deals 
the force out in small poitions, oi any foulness flora diit oi thickened oil, will have an undue 
influence on the late, by vaiyiiig the aic of vibiatioii, and accoidingly this escapement is novel 
adopted in an astiononucal clock. 

3 To avoid tho bad effect of a lecoil, the justly celcbiatcd Giaham invented that species 
of escapement which is called dead-beat, ui which the faces of the pallets aic ciiculai as well as 
conccntuc, and allow tho teeth of the cscapemont-whoel to lest on them, while the pendulum is 
completing its vibiation, aflei having leceived its impulse, this wheel Ihciefoie nevci lecedos, 
and the hand earned by it lemains motionless oi dead, foi a ceitain poiUon of each vibi ation The 
rubbing of the teeth against the cucular poition of the pallet, howcvoi, pioduces some fiiction 
that lequues a little fine oil to lubiicalc the paits of action, and an addition given to tho maui- 
tammg powci, by incieasmg this fiiction, letaids the late of going Hence the whcel-woik is 
usually made with the gieatest caic, and pinions of not fewei than eight oi ten leaves each, 
aie nicely fitted, haidened and polished, to dimmish the mcgulautics of tiansimticd foicc , the 
pivot-holes also of the two last wheels’ aibois, as well as the pallets themselves, aie ficqucntly 
jewelled in the best clocks, to avoid faction as much as possible, and to supetsede the necessity 
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of applying much oil. Escapements of this dcsciiption have long been held m high csUmalion 
wheie they have had the advantage of being united with a well compensated pendulum In¬ 
deed, till within these few yeais, no othei escapement was put in competition with it j and the 
obseivations made in the diffeient public obseivatoiies, foi half a ceiituiy back, beai testimony 
to its competency The cii ciimstance of its giving the impulse to the pendulum at oi iieai 
the lowest point of its aic, wheie its momentum is a maximum, atfoids it a most impoitant 
advantage 

‘ii The isoch) onal cscapoinciit paitalces of the piopcrties of both the pioccding escape¬ 
ments, the faces of its pallets being foimed of such cxccntnc cuivos, as pioduce only a veiy 
small lecoil The intention of such pallets is to make the pondulum poifoiin all aics of vibia- 
tion, liowevei diffeient in length, iii the same lime 5 and the piactical pi oof of this is, when 
an addition to the mainlaimng powei, though it increases the aic of vibiatioii, docs not altei 
its dmatioii, as indicated by the clock. The theoiy supposes, that the allcinate acccleiation 
downwauls, and ictaidation upwauls of the pendulum’s motion, is thus made to coincide with 
the law of giavity, and to augment it without inleifeinig with its simplicity 5 but while such .1 
vauablc piopeity as faction on the cxcentuc cinves of llie pallets is concealed as an agent, the 
peimancnce of the panciplc cannot be lockonod upon 5 and though wc have mudctiials of such 
an escapement, executed by an eminent artist, we cannot lecommend its picfeiablo adoption in 
Iho present state of horology. 

5, Inthe/a?e cscapoincnt the pendulum receives but a momentary impulse fiom the 
escapement-wheel at each allcinate exclusion, and moves quite detached from die clock-woik 
at eveiy ictiianiig vibuilion, the position of such escapement maybe cithoi, as usual with 
other escapements, iicai the pendulum’s point of suspension, 01 below the ball at the infoiioi 
extieinity of the lod, but in cithei case a delciit, oiitcung the notch bclwccii two contiguous 
teeth of the wheel, detains it until it is unlocked by means of the ictuiiiing vibiation, when the 
tempoiaiy impulse takes place, aiidaflei that a second locking, which again detains the wheel 
uiged by the maintaining powci, until the pendulum has completed its vibiatiou, and made a 
second loluin by the simple force of giavity. This escapement is analogous to tlic common 
detached escapement of an oidmaiy cluonomclci, and may be executed with ox without a 
spring, but is not often applied to a clock. 

6 . The remonloii' escapement has been diffeiontly foimcd by clock makcis, who have 
aimed at the same object, which is, to detach tlic pendulum cniuely fiom the iiiegiilai in¬ 
fluence of the maintaining powci that actuates the wliccl-woik, and to suhstiliito some other 
small powci, wliicli is baicly competent to the pmpose of keeping up the vibrations of the pon¬ 
dulum without varying its inlonsity. Tins independent or dnnimshod powci may bo eitlior that 
of a small pondeious body, or of a spiing, giving its regulated impulse to the pendulum> for a 
longci 01 shojter time, in some pint of each vibuition, just suflicient to oveicomo Us tendency to 
come to icpose, occasioned by fiiclion, the iigidUy of its spiing, or losistance of the an, Wc wiU 
not puisne all the vaiicty of shapes .ind modiftcalions of action that a icraonloir escapement is ca¬ 
pable of lecemng, and actually has received, bqt slatconly what is the principle of thejn all, and 
point out what paiticular constiuction has icccivcd the sanction of cxpcrunental accuiacy of per- 
foimance. With respect to the punciple of an escapement of tins description, the escaperaent- 
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AVheel is urged by the inaintaimng power as in other constructions, and moves while uiuloi sucli 
influence wheiievei it is not locked, or restiained by some incchamcal means, fiom winch rc. 
sliftint it IS liable to be libeiated at iccurnng intoivals j its office, when m motion, is to raise 

the small pondeious body, usually earned by an adjustable levei, oi to Wind up the slender 

spiing, of whatevei shape, which in either case is connected with the pendulum, and gives its 
independent impulse • when this body is laised, oi tins apimg wound up, a detent holds the 
Avheel at lest in its place, till a slight blow given by the moving pendulum, neaily at the 
point of gieatest momentum, disengages it, the Impulse having been given, and the pondeious 
body or spiiiig having letumed to its original state, the wheel, being again atlibcily to lun on, 
lepeats its opeiation, and becomes again locked, while the pendulum now undci a new impulse 
completes Its vibration, and on its return lepcats the blow given to the detent. In tins way 
the motion of the pendulum is poipotuatcd by a socoudaiy powci, and the iiregularities of 
tiansmitted force aifect not tlm pendulum, but only the wheel, which has nothing inoie to do 
than piopaie the independent foice, which is substituted for the oidiimry maintaining power. 

The periodic inteivals of laising the weight, 01 of Winding the spiing, have been vaned by 

diffbie“nt clock-makers, but the moio frequent Iheyaie, the more simple will be the opcia- 
lioii. Ill the Greenwich ti’aiisit-clock made by Hardy, the locking detents and pallets aio both 
placed at the ejLtieme ends of straight springs, which areiaised by the maintaining power after 
eveiy vibiation of the pendulum , and the excellent pcifoimanco of this escapomont, which 
has now been tiiecl with diffoient clocks, loaves little inoio to bo expected m the way of iin- 
piovoiiiont of this voiy important pait of the mnclmie. As the construction of the Giocmvicli 
tiansit-clock is not generally known to asti’onomeis, and is not in the list of the foity escape¬ 
ments which we described in another work*, we shall introduce heic a shoit account of this 
escapement, of which such icpresentatlons are given in oiu Plate XIV, as will enable us to 
explain its mode of action. 

7 Hardy's Clochbscafm&iii,—‘Th^, 5, exhibits a view of the whole escapomont, including 
the wheel, the uppei end of the pendulum, the two spiing-dctoiits, the two spung-pallots, and 
the cioss-bai oi double hammoi earned by the pendulum, together with the cock that holds one 
of the pivots of the wheel’s aiboi, all which are supposed to be viewed from a point behind the 
frame that contains the works, when dismounted fiom the wooden case * but as all the essen¬ 
tial pai'ts of action cannot be sufficiently seen from any one point of view, when tliey aie in 
tlieii piopor places, contiguous to, and sometimes coveting one another, we have given de¬ 
tached poitionsm figuies 6,7, S, and 9, to show liow the pallets and detents have then separate 
offices to peiform, as they icgaid the motion of the wheel, which theiefoio we have lepicsontod 
on a diminished scale *, fiist, in connexion with the pallets only, and then again, with the 
detents without the pallets. Wo will fiist desciibo the vauoiis parts of the diff'eicnt figLUC.s by 
the same letters of refeicnce, that belong to tho coivesponding parts m all the figures, and then 
explain then mode of acting. In fig. d, «is a vcitical steel bai, having a cioss piece at tho 
upper end which lies in a pan of notches, made on the uppei face of the cock of suspension, 
which is screwed across the plates forming the fiame, but which does not appear in the diawiug j 


* CyclopDejio^ by tho Ifitc Dr Ab Bees* 
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this bai holds the suspension-spnng c conneclmg it with tho pondulum b h\ to whioh spnog it 
IS made fast by the scicw that is seen neai its lowei end} the olhci end of the spang is at¬ 
tached to the-pendulum by a plain pin passing lluough them both m the usual way; d d‘ is a 
poition of the back plate of the fiamc, to which the smaller plate d is made fast by the stioug 
sciew seen undei c, when adjusted to its duo position , the upper poition of tins small plate co 
IS formed into a tnangulai cock, piojccting so as to receive tlic foui stiong scicws seen m the 
figme, into its plane sides the pallet spiuigs ffy and the detent apiings g g\ winch aie all bout 
above the letlei c, aiemadefast to the sides of the Uianguhu cock, and lio side by side, the pal¬ 
lets being next to the plate, ie(juue other foiu sciews, two to each, which aie npt seen in this 
%uie, but which aie scon detached in fig 6, whcio the escapement wheel occupies its propel placo 
between the pallet spungs, and has two of its teeth jesting on the sloped faces of the respcotive 
pallets* One of these spungs is tinned hall lound mfig 7> to show its bieadth, ami also the pro¬ 
jecting pm attached to its lowci end, which gives the impulse to the pendulum in one diicction, 
and asimilar pm, piojcclmg fiom the mfeiioi end of the othci pallet spring, gives the impulse in 
the contiaiy ducctioii, as wo shall presently explain* The spung-detents ^ and j§ with then fixing 
screws, aie also seen inclosing the same wheel iii fig* 8 , and fig* 9 placed noai il, shows the 
bieadth of the spung g and pin at its lowei end, similar to that ol fig. 7> already mentioned , 
the spring has a similm pm at its lower oxticmity, and sociions of those foiii pins, repiesenU 
ed by foui small cnclcs, are seen m fig, 5, contiguous to the sloping ends of Iho cioss-bnr or 
double hammei tt\ boinc by the uppei pait of the pendulum* In fig* 9 is seen a^small pio- 
jectmg piece attached to the spring of the detent, which cnicung between two teeth of I he 
wheel detains it in a (quiescent stale duiing a pait of each vibialien , but when the vibiating 
haiuinci i % meets with the piojocting pm at the lowei end of the spung, it disengages this de¬ 
tent w, and the wheel being at libeity to lUii on, when uigcd by the maintaining powci, meets 
with the pallet n fixed on the contiguous spung, and one of its teeth, sliding on the luclinetl 
plane foiming its face, puts this spung into a state of tension* iho banking scicws h limit 
the depth of iho detent^s position, and the adjustment of iho luangular cock by means of a stud 
moving m a concealed slit, made m the pnncipal plate ddy when rcudcicd pciinanent by the 
sciow c, legulatos the quantity of diop of the tooth at each vibiation, which lu tins escapement 
is equal to one half of a space left between each pan oi adjoining teeth* Iho two small scicw3 
enteung the bass oi louiidcd thick pait of the detent spungs, aio used to fix the jewelled pieces 
wi and m* forming the detents, when they aic piopeily adjusted * in fig* />* the sciows may be 
clearly seen neai vi and but the sections ol the detents aic ihojc lepicsented by small cu* 
clcs* The adjustment of the cioss piece t d is effected by means ol a squaicd key tuining, J?y 
small quantities, a stud made squaic to fit the Icey, attached to the pcndulnm lod, and havljJg 
a single tooth enteung a notch on the edge of the cioss, winch has its position so leguluto^ by 
a sliding adjustment, that the exclusions of the pendulum may become alike on both side? of the 
lowest point of the aic of vibiation, oi, m olhci wouls, that the pendulum may be JP piopex^ 
beat, bcfoie the central fixing sciew makes the position peimancnt* The laigc solid piece I U 
is the cock that holds the back pivot of the escapement wheel, and the two small cocks 11, 
made fast to it, ascend just iai enough to allow the banking sciews A and h to peneLinLc them . 
these cocks all lie between the wheel and tlie pendulum, and the cioss piece lecciviug the im¬ 
pulse, and m its turn unlocking the dctejiits, is placed fai enough fiomthe lod of the pendulum 

II a ^ 
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to be in the same veitical line with the centre of oscillation of the clock’s pendulum. The 
allows show the diiection in which the wheel moves when the clock is going 

8. Aftei this clesciiption of the acting paits of the escapement, we may now piocced to 
explain the action, on a supposition that the clock is wound up, and all the adjustments com* 
plete. By means of the oidinary maintaining powei, consisting of a suspended weight, the 
foice of which is diminished as it ascends the tiain of wheels and pinions, the last oi escape* 
inent wheel will lun on till it meets with some opposing body, winch will be one of the two 
pallets n oi «', suppose it to be n , then, because twelve out of the thuty teeth, of which the 
wheel consists, aie included between the two opposite pallets, we will call the tooth that fiisf 
meets with pallet n 1, the next 2, and the tooth that has last passed ovci the othei pallet w'will 
be 12, and its following one IS, as we have designated them in fig (j, wlieie they ate shown 
without the detents. When tooth 1 has fallen on the comei of pallet ??, its picssiuc lifts the 
pallet spimgj^ and the tooth in question slides along the inclined face of this pallet, till llie fol* 
lowing tooth 2 falls on the detent, as in the position of the wheel and spiings exhibited in our 
iignie 5, in this situation the wheel is detained at lest, as well as the pallet-spiing, which now 
rests m a state of paitial tension on the second coinei of tooth 1, which is leady to escape vvhen- 
evei the detent may be withdiawn let now tbe pendulum be put in motion, by laising it a 
little beyond the quiescent point, that il may move by its own giavity hack again j in its le- 
tiiin the end i of the cioss piece will meet with the piojecting pm of the innci spnng, which is 
that to wincli tlie detent is attached, and, by giving it a blow, will diivc it out, and thcioby 
unlock the wheel, leaving it at liberty to inn on j in the next instant the moving cioss-pieco 
meets also with tbe pi ejecting pm of the pallet-spiing, and duves it along with tbe detent* 
spnng outwaids fiom then foimei state of lest, and tooth 1 of the wheel escapes fiora the 
pallet n. In the mean time the detent m' catches the tooth 12, and detains the wheel again, till 
the pendulum has completed its vibiation undci the letaiding influence of both the spungs in 
its lemaining ascent, and undci then joint accclciating influence m its descent, till the detent* 
spiing, falling on the end of its banking sciew h, stops, and the pallct-spiing alone exeits its 
accelciating loice a little fuithoi, till its tension is expended, the pendulum has then to de¬ 
scend about half a dogi ee m a li ce stale, bofoi c it i caches its lowest point, and to ascend in the 
same imcontioiled slate about hall a dcgiee at the othoi side of the said point, hcfoie it meets 
with the piojecting pm of the second detcnt-spiing j the wheel having m the mean tune laiscil 
the pallet n' by means of its tooth IS sliding on its inclined face The blow, which the end #' 
of the cross-piece, now moving m a backwaul diiection, gives to the piojecting pm of the de¬ 
tent spiingjf, dnves out the detent vi', and sets the wheel at libcity again to move on, and the 
pallet-spiing being fuither raised by the eqd t' of the cioss-piece, the tooth 13 escapes, the 
wheel again runs on, till its tooth 2, meeting with pallet n, laises its spung, and the next fol¬ 
lowing tooth becomes locked by the detent ?i, as in the fiist instance. the pendulum now 
finishes Its letiogiade vibration under the opposing action of both the spungs/' and g', and re¬ 
turns accfclciated by the same joint influance> tUl the spring of the detent falls on the end of the 
banking-sci evv k', when the spnng g' alone mges it till its tension is expended. The pendulum 
being now left to descend half a degree by the sole force of giavity, lenews the opciation we 
have described, by first unlocking the tooth 3 and then suffeimg tooth 2 to escape by lifting 
the pallet-sprmg immediately aftei the blow has been given to the detent, when the pendulum 
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18 again undei the influence of the spiings, and will continue to vibiale in this way as long as 
the escapement-wheel has powei to laise tho spiings of the pallets into a state of tension, i. c 
as long as the clock continues to be wound up at the stated pciiods. 

9 In constinoting this escapement tho inventoi assumed, that the foice of an umfoim 
spiing applied to a moving pendulum, being analogous to tho foicc of giavity, would so unite 
with the lattei, as not to deiange its momentum at any pait of the aic, and accordingly he has 
contiived an adjustment that shall icgulate the foico of the spungs to the weight cairicd by 
tho pendulum in each pan of scicws tliat fix tho foui spungs to the triangular cock, the upper 
sciew IS tapped into the sciew itself, and has its point picssing against the cock, but the lower 
SCI ew passes thiough a hole in the head of the spiing and is tapped into the cock} so that screwing 
one foiwauls and the othci backwaids, will altoi the position and tension of the spiing. The 
points of flcxuio of all the spungs, including the pendulum spiing, aio at the angular point ol 
the cock, and thci efoic have similar arcs, hence the puis of the springs, acting with tho ends of 
the cioss-piece, lemam in contact with it as they move without tho least faction, and tho blow 
given by tlie ends, acting as hamincis, pioducos a duoct push. Also the detents, having no 
fang 01 hcel-piecc, and being jewelled, aic displaced with the least mechanical foice, and yet 
the locking is sccutc; foi the detent takes its position bofoio tho tooth which it is destined to 
lock aiiives at it, theieby avoiding all tendency to lebound, to which moving bodies me liable 
when they come m collision. Tho substitute for the mnintaining power has no connection with 
the wheelwoik, but is simply tho excess of tho accelerating force of the spungs, beming tlie 
pallets and detents, ovei then letaidmg foicc, which excess is occasioned by the springs of the 
pallets being laised a shoil space by the Gscapomcnt-whccl at each vibration, so that the aics of 
then descent aie longci than the aics of then ascent, as they have lofeicnce to thoir connexion 
with the cioss-piccG and pendulum, and as this excess is a constant (Quantity, so long as tho 
tension of the spungs icmams unaltoied, any vaiiatioiis pioduccd in the maintiuning powci by 
uiogular tiansmission, foulness, oi weai, will not afl'oet tho pendulum oi time dopendiug on it, 
piovuled that powci be competent to laise tlie pallol-spungs thiough the action of the cscapc- 
incnt-whoel. 

10. The second requisite of a good clock is an imamhlependulum} for on tho icgiilanly 
of its vibiations the indication of tunc onliicly depends, whatevei may bo tlie piopeitics of the 
escapement which pcipcluates its motion. No single substance has yet been discovcied, that is 
not liable to have its dimensions alteied by changes of temperature, and some of them by differ¬ 
ent degicos of humidity, hence a simple lod of either metal or wood cannot be depended upon, 
as the measure of invaiiable distance between the centre of oscillation and point of suspension 
of an astionoinical pendulum foi to the constancy of this distance tho imdeviating legularity 
of the pendulum’s motion under tho same arc of vibiation, the same rigidity of tho spiing ot 
suspension, and the same medium, will bo entirely indebted. The only leinecly for this natural 
inconstancy in the dimensions of ail matciials, which has yet occuired to the philosophical ai tist, 
is an opposUton of expansions, oi such an ariangeinent of the materials used, that while one part 
of them lengthens the distance of the centie of oscillation fiom the point of suspension, another 
pait shoitens the said distance in the same pioportion} and the perfection of the mechanical 
contnvance, be it what it may, will depend on the exact balance’of the opposite motions of the 
coinpensattog mechanism at all times and under all circumstances. Vaiious attempts have been 
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made byangdnious itien to accomplish the desucd object, and diffeient opinions liavc been on. 
teitained lespecting the preference due to paiticular contiivances, but all the constuictions of 
a compensating pendulum are deiivablefioin the oiiginal contiivances of Giaham oi Hanison, 
to whom, moie than to any othei persons, hoiology is indebted foi its fust impioveinents The 
former of these mechanists, having in 1715 ascei tamed the relative expansions of diffeient me* 
tals, and found by his pyiometei, that the diffeienco of the expansions of non and brass with 
the same degiee of heat, is so small, that them appealed no hope of his being able to opiiose 
them to each other with success, fixed upon raeiciuy, as a substance moie liable to vaiiations 
of its bulk by ciianges of teinpciatuie, and thoiefoie piomising a moic easy, as well as more 
simple method of effecting the compensation. The method lie adopted foi the application of 
his piinciple was this j the veige of his pendulum was made of steel, and tciininatod below with 
dstiiiupof the same metal, holding a cyhndei of glass neaily filled with mciciuy, and the 
column elongated upwards fiom the bottom of the containing vessel, to compensate the descend* 
mg elongation of the veige oi rod of steel downwaids dining an inciease of Icmpciatuie, and 
vice veis^ , and a small quantity of tho meicuiy added oi subtiactod, as the adjustment foi 
the extiemcs of heat and cold lequiied aftei the clock was biought lo its latc,’ completed the 
compensation without fuithei tioublc, except tliat which attended the oblauung a new late. 
A sliding piece of metal was adjustable to any pai I of the vcigo, foi icgulating the i ate of going 
without alteiiiig the length of the penchiliun when once deleimined, and the account which we 
pioposo to give of the pendulum, attached to the Gicenwich tiansit clock, will show what htllc 
rmpioveraent has taken place in this constiucUon foi more than a centuiy, since 1721 , wlncli is 
the dale of Giaham’s mvcnlion. It does not appear that the capacity of the glass vessel was 
detei mined by computation, butmoicly by oxpeiunent, after a tual of some mouths. 

11. 'When John Harrison, the son of a carpenter at Banow, m Lincolnsbuc, and himself 
following the same occupation, had seen Graham’s papei on the pioperliesofhis new pendulum, 
published m tho Philosophical Tiansactions of London, Vol. XXXIV 40.*, and about tho ycai 
1725 had ascertained that tlie iclativc expansions of non and biass aie, in oidinaiy specimens, 
as 3.5 vciy ncaily, he aiiangcd a set of non and biass lods accoiding to this piopoition, side 
by side in such way, that the expansion of the non lods downwaids was compensated by the 
btass lods upwards, and the lenticulai ball, which was suspended by die system of lods, was thus 
kept at the same invaiiable distance from the cock of suspension. To effect this, it was necessary 
to have some of tho lods mtei mixed at each side of the beaiing lod, to keep it pcipcndiculai | 
and when the parallel rods had been united alternately at the top and bottom lo each next ad¬ 
joining lod respectively, and biaced by cioss-bais, the appeaiance of tho nine lods so aiiangcd, 
reserablecl that of a gridiron, fioin which Iheiefore the pendulum boiiowcd its name. This 
pendulum has been much in use, and Tioughton ananged a set of non rods and biass tubes 
into a tubular pendulum in such a way, that while the compound veige, contained within the 
QihiQr tube, has all the appeaianoe of a simple lod, it possesses all the advantagQS>of the gndiioii, 
eatoept that the inteinal parts ate not constantly exposed to the atmosphoie, Widi liis now 
pyrometeir the autboi can adjust the rods and tubes so nicely to each other, that the distance 
from the point of suspension to the estiniated centie of oscillation will not vaiy by any change 
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of’temperatuie, thus affording a gieat saving of tunc in effecting the compensating adrustincnt of a 
new pendulum, winch is usually done at intcivals of many months. Yet this pendulum has not 
yet been biought into gencial use, peihaps has not been sufficiently tried. A dcsciiption of 
it IS given 111 the Cyclopmdia aheady icfciiod to, among the seventeen compensatioii.pendu- 
lains which aie desciibcd in that woik, and repicscntcd by coircsponding engiavings by the 
late Wilson Lowiy, who also cngiavcd tlie figuics of the diffcicnt escapements with gient pre¬ 
cision. But our picscnt object is to dcsciibe the ineicuiial ponduhun of the Giccnwich clock, 
which appeals to answci its pin pose as well as any pendulum that has hitlieito been invented, 
though itscaiccly diffcis fioin the pendulum coiitiivcd and consluicted by Giaham. 

12 . Metturial Fendttlunh —This mcrcuual pendulum is lepicsonted on a diininishod scale 
by fig. 10 of Plato XIV, in which a a' is the lower end of the steel rod, teiminating with a fine 
but deep sciewj the giaduatcd cuciilai plate I>, which is lapped witli a corresponding tin cad, 
foiins with it a iniciomctci, by which the cffoctive length of the pendulum is adjusted to inca- 
suie the piopci sidoieal lime, when the distance hetwoen the cock of suspension and centre 
of oscillation is 39^ inchc.s, the due legulation will he within the sciew j c is the head, d the 
bottom, and efiho sides of a steel fiamo oi stiriup, which tormmafes the pendulum and bcais 
a glass cylinder g A of two inches diameter within, and iipwaids of seven long} the head c is 
)>erforated to leccivo the lod well fitted without the least shake, and i is an index pointing out 
the degioQ to which the length of tho pendulum is at any time adjusted} a biass cup is scicwod. 
to the bottom piece rf, to hold tho cyhndci in its place, the intoiior sides of which aie denoted 
by the two extreme dotted lines, and the middle lino shows the height of the column of mcrcii- 


ly, which on tiial is found to be about 0 .8 inches, namely, a little inoie than computation 
gives it} k 13 a biass cap siuiounding the nppoi cud of the cyhndoi, and is kept down by the 
cross bai caiiying the thmnh-piocos I winch lake hold of coiicsponding notches cut in 
the side-hais ejl thus allowing the cap to bo easily removed, even while tho pendulum is in 
motion, foi inci casing oi diminishing tho quantity of meiciny, as the compensation may de¬ 
mand. An ivoiy scale of dogieos is fixed to the back of the clock-case imdci the pendulum, 
and an index w, descending fioin the bottom of the fiamo, jiointsoutthcaic of vibiaLion, wliich 
in Hardy’s clocks is generally about two degiecs at each side of tho lowest point. It is of iin- 
poitance to the good pcifoimance of the clock, that the strong frame, holding tJie cock of sus¬ 
pension, be fiimly attached to a pillai or wall, though sometimes it is fixed to the mahogany 
case made fast to a wall, and also that the boats be equally loud, and tho intervals between 
them exactly equal, which will not be tho case unless the clock be m propci heat. The maker 
geneially adjusts his clocks for beat befoie he deliveis thorn, and levels some pait of the case 
or frame when so adjusted, by a spinl-level, winch he dcUveis with the clock as a guide for tlio 
pioper position. The same position, howovci, might be cnsiued as well, if the scale wore ai^asted 
so that the pointei may indicate zeio, when tho peiiduUiin is at icst, provided tho works are 
caiiicd by the case itself when fastened to a pillai oi wall. An inequality in the beat will ge- 
neially detect the change of position that may aiise from a yielding of the wall or pillai, or 
fiom shnnking and swelling of the case, and an examination of the two halves of the total aic of 


Vibration will explain to which side the pendulum is most inclined, without stopping the vibia- 
tions Foi obvious i casons it is desiiable that a second clock should be used at no gicat distance 
from the tiansit-clock, not only as a cheeje on its going, but to keep the time dining the period 
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m winch any alteiation is making in the adjustment foi tempeiatuic, which necessaiily makes a 
consideiable alteiation in the late, as well as to afford the oppoitunity of having the clock oc¬ 
casionally cleaned It is haidly necessaiy to add, that a sideieal clock is always piovided with 
some contiivance foi keeping it going dining the shoit inteivals in which it is pcuodically 
wpund up. Without a clock which can be depended on, theie is no confidence to be placed in 
celestial obseivations, noi comfoitm obseiving, foi even with the best clock, tcmpoiary devia¬ 
tions in the position and adjustments of the tiansit-instiumont, by which the lalc is usually de¬ 
termined, will fiectuently pioduce pnmH facie evidence of luegulaiities in the going, which 
collections fioin known data can only leclify. It is not so necessaiy that a clock should indi- 
cate time exactly to a single second oi fiaction of a second pei day, by moans of a nice adjust¬ 
ment of the pendulum’s length, as it is that the going should be mvauable on each,successive 
day, the quantity of the late is of no impoitance, piovided it be unifoim , though it is moio 
convenient to the obseivei that his clock should gam a little lathci than lose 

13. Notwithstanding the simplicity of themeicuiial pendulum’s consliuction, and the ac¬ 
curacy of Its peifoimanco, winch may be biought to give the same indication, in the exticracs 
of temperature, within half a second pei day, yet it is veiy little used m the continental oh- 
soivatoiies. Each nation has adopted some pecuhaiity of constuiction, both of the escapcmenl 
and pcndnlnin, which piobablypiovails fiom custom moio than fiom any picfeience duo to the 
pimciple, which cuciimstancc shows that the same effect may be pioduced by diffcient moans. 
Ill Eianco, Ec Roy, Bcilhoud, Iliegnct, &c« have conltivcd a gjeal variety of escapements, one 
01 other of which aio now copied as models, but some modification of the giiduon pendulum, 
with a knife-edge suspension, substituted foi the pendulum spiing, seems to have gamed the 
pieference over the meicuuivl pendulum, 'and, as it has been asseitcd, because the suifacc of 
the meicuiy has been found liable to oxidation at its siuface, In Italy, and paiticuhuly at 
IMilan, a great vaiiely of the fioc escapements have been constmeted and used, and the luci- 
curial pendulum has had a lube and bulb of glass substituted foi the steel vcigc, in which a column 
of the fluid ascends and descends, with changes of tempeiatuic, aftei the mannei of a tlici- 
mometei, and assists m icgulating the compensation. We remembci that Tioughton had a 

mercuiial pendulum upon the same plan, which he contuved many yeais ago, and which wc 
understand is still in existence 


14, We have had an oppoitunity of satisfying oiiiselves, fiom our own obseivations, tiiat 
the principal deviations in, the late of a Haidy’s clock, like the one at Gieenwich, aie iittii- 
butable to a want of poifect compensation of the pendulum, rathei than to any defect in the 
escapement, but as w© have been favouicd with the lates of thiee clocks of Ins constiuclioii, 
including the Greenwich tiansil-clock, obseived and legisteied in diffeient climates, we picfer 
subjoining them as a testimony of what accmacy of peifoimance clocks of this construction 
are gencially capable. The first seiies of lates was noted at Gieenwich j the second at the 
Royal Mihtaiy College at Sandhuist by Mi. Noiiiew, and the thud at the Impeiml Obsciva- 
tofyatWilna, by P. Slawmski, deteimmed by obseivations made with a laige tiansit-instru- 
menl^ in which senes he has favoured us with all the particulais of the stais obseived, and tem¬ 
perature corresponding to tbe different dateS| which we have given accoidingly in our subjoined 
Table, 
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THE RATES 

OF THREE DIFFERENT CLOCKS BY HARDY 
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ON THE TRANSIT-CLOCK 


16 * We shall not lengthen this section byanyiemaiks on the going of these chfFeicnt 
clocks^ but leave om leadeis to examine the changes that lespectivcly took place at the dif- 
feicnt dates specified m the Table We have not the means of ascertaining how fai any 
changes in the intensity of the detent and pallet spiings may have affected the slight vauations 
m the lates, because the aics of vibiation aic not stated by the obseiveis, but it is desirable 
that the total aic should be obseivecl and legisteied occasionally, foi the puiposc of afibicling 
datafoi such determination foi when pencluluins of the same lengths vibuitc with cbffeient 
foicea, the times will vaiy inveisely as tlie squaic loots of the acceleiativo foices in the same 
latitude 5 and the lengths of the pendulums, vibiatmg in the same tunes, vaiy cluectly as the 
foices which accelciatc them, When the same pendulum is by any cause made to vibrate in 
diffeient aics, the daily euoi, oi diffcience m the daily latcs, in seconds of tunc, will be nrirTth 
of the squaies of those dies, leckonccl in dcgices and paits Mi* Baily has calculated that if 
the sciew at the lower end of a pcndulum-iocl has 40 thieacls in the inch, jVlh of a lovoln- 
tion, m raising oi loweung the cylinder of meicuiy, will ptoduce a gain oi loss of just one 
second pei clay, and a similai computation may be made foi a sciew of any othei number of 
thieads in the inch, vdiicli would be convenient foi assigning the divisions of the ciiculai nut 
that legulatos the going of the clock. Let n be the numbei of tin cads per inch, and the 

niimbci of divisions icquued to be on the ciiculai nut, then we shall have .v =: . He 

n 

has also pioposcd to apply an adjustable small weight on tho vcige of the pendulum to hung 
it to time, as was oiiginally done by the inventoi of the mciciuial pendulum. 

17 , Besides two good suloieal clocks, a well fuimshcd obseivaloiy ought not to be 
without a good solar clock/ to prevent the lioublc of computing the tunes when the eclipses 
of Jiipitoi^s satellites aie to be obscived, and vaiious other phenomena, the occiuicnce of 
•^Ich IS computed m solai tunc, and, to give notice of the appioach ot any phenomenon 
which has been pieviously computed, a journeyman clock with an alaiiun would be vciy ser¬ 
viceable. Likewise when obscivations aic made out of doois, at a distance fiom the mcudian, 
a good chronometei should always be at hand, to convey the tune of an obscivation to the 
clock foi compauson, 01 to caiiy the time gamed at one place to a distant station, the longitude 
of which may be icquiied to bo known by compauson with a known meiidian. 

18. Foi the assistance of such of our leadeis as may be induced to piefer a clock Mmilai 
to the one now in use with the tianait-instiunient at Gieenwich, wc will copy the punted 
directions of the maker, which he sometimes gives to guide the astionomei, and which he has 
put into oui bands foi this pin pose. 

\ DlllECTIONS FOB FITTING UP TPIE CLOCK 

The case must he fixed np to a solid stone piei by the foui blocks and screws. The 
Bcj^o^boles must be made m the back of the case, wheie they aie marked. The biass plate 
on^ViFnloh the clock is seated is to be made peifectly hoiizontal, by placing the spiiit level be¬ 
twixt p^encil lines cliawn thereon. The auxiliary springs, which keep the clock going whilst 
windtag itmust be lelaxecl by pulling the bairel-line to ease the click, and lifting it up 
fiom the ratch wheel, and then again letting go the hue Next untie the spungs of the 
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escapement, and put beneath them, on each side, the wooden wedges (these wedges keep the 
spiings apait, and pi event then being injiucd in hanging up the pondiiliim), then fix up the’ 
clock-woik and pendulum, lifting it up no highci than to allow the pm to pass on to the lop of 
the bar into its place, taking caic, at the same time, not to touch the pins of the escapement; 
then put the glass tube with the quicksihei into the flame, observing that the cioss maik near 
the bottom of the tube, and that on the covci above, be in fioiit of tiio pendulum After 
securing the pendulum at the lop by the side sciew in the bat, withdiaw the wedges fiom 
beuenlh the spnngs, and then hang on the pullcy-wcight. In oidei to put the clock on beat, 
fiist put the level key on the squai e-headed sciew which binds the cioss piece to the pendu¬ 
lum, and slacken it a little , and then icmovc the key to the olhci square-headed sciew, and 
pioceed in like mannci, moving the cioss piece eithei way, till the heat is adjusted} then screw 
it fast again. To fill the glass tube with the quicksilvci, fiist clean it out hefoic a file with a 
soft silk handkcichief fioin dust and damp j thou lake a sheet of thick wiiUng papci, and loil 
it up into the foiin of a cone oi funnel, until the small end has a hole not largci than the size 
of cl pin, thiough which funnel pom the quicksilvei into the tube, keeping it below the suiface 
to pievent au-bubbles Tlio height of the quicksilvci in the lube menstuos 0 inches -Aths, as 
maikcd on the iippci pait of the lube 5 and it takes about lllbs. 01 ISibs. to Jill it to that 
height The bone spoon is to take out 01 put in mdce quicksilver into the lube, ns the adjust¬ 
ment leqimcs. 

“ In 01 del to lake down the clock to be cleaned, first take o/F the jnillcj'-weighl} then 
lelax the auxiliary spnngs, and put the wedges beneath the escapcment-spimgs, as befoie 
mentioned, loosen the side sciew m the bar, lake off the pondnhnn with caio, and scat it in 
the middle of the biackct inside the case, so that it docs not touch the pins ol' the escapement 
at the top , then take the clock fiom the case, and icinovc the cscapcmcnl eiiUie, by taking 
out the long-headed screw in the middle of the cock; then caiofully clean the faces of lh6 
pallets and detents. Thcic must be no oil put to the cioss piece on Ihe pendulum, and vciy 
little to the pallets of the cscapcmcnl. The othci paits of the clock-work aie the same as in 
common, 

•'W HARDY” 


A S LIV ON THE PROPERTIES OF THE TRANSIT-INSTRUMENT 


1 iSiNCE the time of Dr. Halley's mtioductiou of the transil-insliument into the loyal observa- 
toiy, its use has supcisoded the foimci methods of obtaining the light ascension of a star, and 
La Gallic was the only astionomei of cclobiity, who aftciwaids adheied to the method of equal 
ante-meiulian and post-inciidian altitudes at the picscnl lime, and foi moie than seventy 
yeais past, its adoption is and has been almost umvctsal, The piincipal condilion In the con¬ 
st! action of this instillment (which was invented by Roemcr)i3, that its telescope, which should 
be as good as can be obtained, shall move 111 the plane of the meiidian of the place ol obseiva- 
tion, and be fiunlshed with a system of wucs, or spider's lines, in the locus of its positive eye¬ 
piece, acioss which the passage of a star at any altitude may be observed at the instant it is on 
the meiidian, To effect this purpose completely, several pails of the instrument must nocessa- 

s s S 
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rily be connected m such a way, as to be capable of affoiding adjustments foi its position, and 
for the 6 nal adaptation of the optical to the mechanical axis of the telescope, while yet those 
adjustments may be lendeied as pcimanent as the influence of vaiiable tcmpeiatuie on the 
metallic parts will allow. The inventor’s oiigmal idea, winch has not since been dcpaitcd ftora, 
was, that the axis of the telescope’s motion should he peifectly houzontal, in a dnectioii due 
east and west 5 and to pievent the tendency of such axis to bend by the incmnbont weiglit of 
the telescope, Di. Halley at hist placed the tube iieai one of its ends, that the piessuio 
might he pancipally on its contiguous pivot, a position, winch was moic unfavoinable to the 
wear of one pivot than of the othei, and was theiefbie aftciwaids abandoned. Accoiding to 
Di Smith, the focal distance of Halley’s telescope was feel, and the length of its houzontal 
axis of motion about an ell, which was lendeied peifectly houzontal m the leveised positions 
by a spiut-level The system of ocnlai lines was illuminated by light leflcctecl by a peifoiatcd 
caul into the object-end of the telescope, m the way we have alicady desciibed [§ XXII. 1 ,], 
and the pivots of the axis of motion icsted in adjustable Ys attached to the beaiing pillais, so 
that little loom was left foi subsequent impiovcments, except what had lefeiciicc to the good¬ 
ness of the telescope’s vision, to the foimatioii of the houzontal axis by an union of two inveit- 
ed cones, to stiengthon it sufficiently foi lecoiving the telescope at the middle, and foi allowing 
it to press alike on both pivots 5 and to a inoic convenient method of intioducing and modif)'- 
ing the leflectcd light. In Di, Smith’s time (I 7 S 8 ), the telescope was fixed in a fiame on the 
middle of tlio axis, which braced botli^at the same time, and an apeituie made in Iho side of 
the telescope’s tube, covoied by lliib disc of bom, icceivcd the light foi illumination, winch 
mode piobably suggested the idea ,to Dr. Ushei of Dublin, of tiansmitting the light thiougli 
the axis itself, about the ycai 17875' Wo have cxpiessod om belief that Troughton fiist opened 
a hole m the side of the mam tube ol a telescope for the admission of light [§ XXJI. SJ, but 
liWe since found that the same thing was done pieviously. 

3 Transit-instiuracnts may be divided into two classes, porlabk mAjixed, the foiincr ot 
which, when placed tuily in the moiulian, and well adjusted, may be advantageously used as a 
stationary insluiment in an obsci vatoiy, it its dimensions be such as to admit of a telescope of 
3^ feet focal length; but when the mam lube is only fiom twenty to tlnity inches long, with a 
pioportional apeituie, it is mote suited for a tiavelling instiument to give the exact time, and 
when earned onboaid a ship in a voyage of discoveiy, maybe taken on shoie at any convomeiit 
place, for deteiraining the solai lime of that place, and foi coricctmg the daily late of the 
cluonometer giving the time at the fiist meiidian, so that the longitude of the place of ob« 
seivation may be obtained fiom the difieienco of the obscived and indicated times, aftci the 
pioper collections have been made Telescopes which have tubes exceeding 3 ^ feet in length, 
are most advantageously placed on pillais of masoniy, ascending, in an insulated state, fiom a 
fiup basis below the surface of the giound, at such dep^li as the subsoil and distance fiom a, 
pufchb road may icquiic, attention being paid, in the selection of a site, and fbimation of the 
building, to such consideiations as we have stated m oui second section It would not be easy 
to determipe, by theory alone, what dimensions and concsponding stiengtli, in the foimatiop 
of the best>ipos 3 ible tiansit-instrumpnt ought to be adopted, foi insuring the gieatest possible 
accuracy j for »the accompanying clock is involved m the considei ation, and this is at present 
piobably less perfect, than aie our large transit-instruments of modern constiuction j but it is 
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not piobable that a case will occui, the exigencies of which may not be satisfied by a telescope 
of ten feet focal length and five inches apciliue, like the one now used at Giccnwich. That 
we may affoicl oui leaders all the infoimation necessary for iiiiderstandiiig the diffcieiit con- 
stiuctions of this iinpoitanl instuuncnt, we will fiist desciibe a huge poitable one which may 
be used advantageously in an obscivatoiy, and then pioceed to give directions foi the ex¬ 
amination and adjustments of such insliumciit, aftei which, wc will explain the methods of 
determining the exact place of a ineiidian maik, and investigate and apply the collections 
due to tlic position of an insli ument out of adjustment, in so many scpaiate sections * wc piopose 
subsequently to desciibe the laigei instiumcnls of some othei makcis, bcfoie wo pioceed finally 
to show, how a senes of obscivations in light ascension may bo piactically ananged and com- 
jmted foi the foimatioii of a catalogue, as far as the obseivalions extend. These successive 
details will of com sc include, what is <ilways most matcual to know in cveiy opeiaiion of this 
kind, the means of dctcimining, by ajipiovod methods, the existing crroi of the clock at any mon 
ment, when an obsoivation may be madei As the light ascension of a star has lofcienco to an 
absolute, not synodic, icvolution of the caith louiul its axis, and is icpicscntcd by its aiignlai 
distance m aic fioni the venial equinoctial point of the ecliptic, wheie the sun is seen at some 
moment of the 21st of March, civil time, in each yoai, it has been found convenient to shorten 
the solai pendulum till it will indicate Sidereal hoiirS<, minutes and seconds, which loqiiirc no 
equation of time, depending on the caith’s annual motion, or on t^e obliquity of the ecliptic. 
Indeed the .sidcieal day is the only umfonn standaul of equable tune that we know of, being 
alike in all the foiu seasons of tho ycai, so flu as the stars themselves aio conccinccl, If the re- 
cun cncc of a slai’s tiansit, ovci the meridian of any given place, shows slight variations of sidcieal 
time, as indicated by the clock, having a known late of going, these variations depend not on the 
tine place of the star itself, nor on the want of umfouiiity in the caitlfs lotations, but on the 
time that the tiaiismission of stollai light lakes up ni its passage to the eailh, conjointly witli the 
alleiation produced in the position of the caith’s axis, and of the equinoctial point, by the sepniate 
01 joint influences of the sun and moon in diflbicnt pails of llicii appaicnl oibits. These small 
appiccinbic vaiiations fbun tlic subject of coirccUons, that iccliicc the apparent to the mean 
light ascensions of the stais, and we vetsd j and m gaming those small quunliUes, which may 
be eilhci additive oi subluictive, when taken collectively, consists the liouble of making the 
iiecessaty reductions of the appaicat to tlic iiicaii places of tlie stuis, as well ui declination ns 
in light ascension. In watching the lalc of the clock, it will seldom happen, if it be a good one, 
that it will vaiy veiy sensibly fioin day to day, much loss fioin bout tolioui, fiom its established 
daily late, while the tempciaUiic is not matciially changed; but care must be taken tliat the 
compensation be such as will pioduce the same late very nearly, m the cxticmo changes of 
wintei and summci 


§ LV A PORTABLE TRANSIT-INSTRUMENT BY T JONES [Platb XIV ] 

1 . Tnn small ptJitable liansit-instiument, with a telescope of twenty inches focal length, 
mounted on an axis of twelve inches, which is suppoitcd by a circular ring of brass forming a 
tripod, has been so long supplied to the public by its inventor, Troughton, that it must be 
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consideied as goneially known j and, foi its si/e, cannot be too much admiicd as a tiavolhng 
uistiuinent foi when well adjusted and placed exactly in the meiidian, it is competent to give 
the tunc of the sun’s passage to the accuiacy of half a second, and the chioiioinetei’s late 
may be obtained by consecutive passages of the same stai over any veitical out of the meridian. 
But, instead of it, we piopose to desciibe an instunncnt of the poilablc kind, which is foiincd 
on a laigei scale, and is capable of being used with advantage in any place where a single pici 
has been elected for its suppoit, 

2. The uistiiiment lepiosentcd in two different views, by figuies 1 and 2 of Plate XIV., 
was made by T. Jones toi oiii use, and has some peculiaiilics m its constuiction, which may 
be deemed woithy of notice In fig. 1, iri is the side of the stone cap of the piei, taken 
lengthwise, and in tig. 2, c d is the end of the same, on both which the fiamc of the in- 
stiiunont stands, by mean.s of its foiii adjustable feel-scicws icsling on as many conespoiid- 
ing pieces of biass cemented to the stone. The fiaino consists of thiee piincipal pieces of 
cast non, coveied with several coals of paint, the two side-pieces c^and e\f', whicii suppoit 
the horizontal axis of the telescope ^ g', aic so shaped as to unite sticngth with lightness, 
accoiding to the pattein c/'seeii in fig. 2, and aie high enough to admit of a telescope to bo 
mounted upon them of dO oi dS inches focal length they aio sciewcd fast at light angles to 
the hoiizonfal bottom piece of open woik, ncai the foot sciows, by four coinci biaccs, wlucli 
are cast as solid paits of the upiight side pieces At the supcuoi ends of these side-pieces 
two biass boxes aic made fast, the uppci sides of which contain a pan of angulat notches, 
usually called Ys, fiom their icsemblanco to tins letlci, ouc of tiie Ys is adjustable lioii/on- 
tally, and the othei voilically, by piopci sciows, turned by a capstan metalhc pin, as the ad' 
justments may demand, but cannot be well seen in the plate by leason of the contiguous 
appendages. The axis of the telescope’s motion in elevation, g g', consists of twm biass Oones 
cohnocted at theu' bases, with an intermediate hollow piece, made laigo and stiong enough to 
admit of the two halves of the telescope’s tube being sciewed fast into it sepaialely, and as 
iieaily atiight angles to the axis of the cones as ait can effect The tube has an apeituic inigc 
enough admit of an object-glass of 3;^ inches lu diainclei, the length of the axis is two 
feet, exclusive of the pivols, which aie of bell metal, about /fi-ths of an inch in cliamotei One 
of these pivots pi ejects an inch, which is the thickness of the suppoiting side pieces and biass 
box} but the othei extends outwaids fai enough to icceive on it a giaduated ciicle of 18 
inches diametei, and beyond that a ievolving six aintQd piece, on tliiee of winch cqiu-dislanl 
aims so many verniers are divided, to lead with the divisions of the cade to eveiy 3", each 
veiniei indicating one hundiedth pait of 5'. [§ XLVII. 4'.]. 

3 On the two aims, foiining a diamctei to the circle, at light angles to the, bai caiiymg 
the fiist 01 clamping veiniei, called A, two cylmdiical metalhc pins aic iiiscitcd, as pivots ol 
suspension foi the Ys of the level’s end pieces to lest on, which level is seen in fig. 2 denoted 
and wdien this level i? adjusted, one of the clamps and tangcnt-sciews, made fast to the 
suppestng side piece at h oi A', accoidinglyas the face of the cncle is tuined towaids the east 

Wifil affoid the means of adjusting the level to its fixed hoiizonlal position, when its 
attached xi'emiex A is put to zero of the circle. The ciicle is divided into foll^ i^uadrants, and 
numbered lOj jgO, 30, &c. fion^ 0 to QO’ in the fiist quadiant, and again in the same successive 
Older thioughll^febthei tiuee quadrants}' sQ that the leveised obseivations of the same star 
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will be lead by its altitude m one of the two positions, and by its ?cmth distance in the othei, 
the sum of which should always be exactly DO", when thcie is no index noi collimation cnoi 
The ivoiy scale of this level, which may be called the altitude level, is divided into spaces 
which indicate single seconds fiom two zcios, placed at the ends of the bubble, when at a mean 
tempeiatuic. When the telescope is elevated to a given stai, so as to have it iiiuning along 
the hoii/oiital spidei’s lino, the vcinicis may be icad, oi at least veinici A, and the clamp at 
fig. 1, which holds the side-piece, by means of a fixing scicw, with anolhci mouth piece, tinn¬ 
ing on a double joint, bites the edge ol the ciiclc by moans of a second fixing scicw, and 
detains the ciicle, and consequently the telescope also, in then unaltcied positions, until the 
revolving veinicis aie levcised, along with the icvcised level, the fixing scievv of the tangent- 
clamp h being picviously lolcascd, and then the bubble may bo bionglit to the middle of the 
scale again by the tangent scicw /, fig. 2, which fixes the vcinici A to the ciiclo: aftci which 
second adjustment of tlic level, a second .set of thicc leadings may bo obtained, ficqucntly 
befoio the stai has dcpaitcd fiom the field, by doxtcious maiuigemont, and if not, the vcimcia 
may bo load subsequently, piovulcd the stai lias been obsoivcd to pass the same spider’s line 
after the icvcision ol the voinioi-bats. When tlicsc double leadings tiro obtained on one night 
with the face of the ciiclo looking towauls I he cast, aiul on the following night towaids the 
west, a stni’s declination may bo obtained free from any considciablo ouoi, except what may 
aiise fiom the bending of the telescope, at the same timo that a coiiccl obscivalion of the 
transit is obtained. When howcvci a bettci ciicular mstiument is m use, the ciiclo of a 
tiansit-instiumenl ought to bo confined to its piopci office, of pointing out the altitude at winch 
a heavenly body may he expected to pass, accoidiiig to apicvious compulation of its approxi¬ 
mate altitude rn a known latitude 

4. The ciiclc of the insUmncnt now under oui considciation is contiivcd to pciloim the 
office of a hndci in two ways; eilhci, when the level is clamped to the fixed tangent clamp /<, 
by leading the computed altitude oi /cnith distance at the slatioiiaiy vcniier, oi by iclonsing 
the clamp //, and placing the vciniei to the altitude or zenith disUnicc on the ciiclc, picvioiialy 
to elevating the telescope, and then noticing when the bubble stands in its light place, winch 
it will do at the piopei elevation. When the vcimcis aic made stationaiy by the clamp /i, the 
tangcnt-sciow /, of the vcinioi A, is used as the scicw of slow motion in elevation , and the 
obseivci must accustom himself to use each langcnt-aciew for its own pin pose. But when a 
simple tiansit is taken, it is bcttci to icleaso the clamp h, and allow the cnclo and vouner to 
move together without any rubbing, or check upon the elevation; the balance of the oppo¬ 
site ends of the telescope being sufficient to keep it stationary. 

5. In fig. 1 is seen a second level, suspended by the Ys of its end pieces, on the two 
cyhndiical pms earned by a pair of cocks, attached to the smaller ends of the cones formitig the 
axis, which is made hoiizontal by means of tins second level. When this level is detached from 
the axis, it may be suspended fiom a pan of similai pins earned by a pau of cocks, ti and 
screwed to the tube of the telescope, in which situation the valuo of the run of its bubble 
may bo leadily asccitamed, by being thus connected with the ciicle, as we have ahoady ex* 
plained [§ B 8 In this level, one division indicates a quantity of inclination as small as 

Both the levels aie attached and detached by means of grooves cut in the cnd-pieces, 
winch allow the pins of suspension to slide into a situation to be caught by the Ys, aflct which 
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they aie seemed fiom failing by small pins passing aciOSS the said gioovos; they aie both of 
that denomination which we have called f evolving levels, and conscciuently pcifoim then office 
at all tunes, and m all elevations of the telescope The eye-pieces, even the diagonal onesj 
which aie leq^uircd m high elevations of the telescope, aic all of the positive kind, viewing 
the system of spidei’s lines, of which five areveitical and one cqiiatonal, m fiont of both 
louses the diaplnagm that holds the lines is adjustable honzonlally by a pair of pulling and 
pushing sciews, and by aiioLhci pan veitically, foi adjusting the colhmaiiou both in altitude 
and azimuth and the holdei of the eyc-pieces has a sliding hoiivonlal motion, which bungs 
the centics of the lenses diiectly over anj one of the veitical spidciS lines, that a stai may 
he passing, so that it may be viewed without looking aside, which coniimince piovcnts 
the bad effect of oblique vision. A Dollond’s lantein [§ XXII S ], which is scon detached 
in fig S, applies to the peifoialed end of the axis, as shown in %. 1 , with its chimney turned 
back, and the sciew 3 being within icacli of the hand, limits the quantity of light which is 
admitted to illummato the spidei*b lines, while discs of giecn glass aio piovidcd to modify the 
light by then diffeient shades, when successively inseited at the fionl opening of the lantern, 
to suit the magnitude of the slais to be obscived, 

6. As a check upon the level of the cuclc, in deteimining its tuic zero point, a plmnb- 
Jiue may occasionally bo suspended fi oin a cock o, neai the object-end of the telescope, in 
zenith obseivations, which, dcscciuling down holes made at opposite sides of the cone g of the 
a\is, may bo immciscd in a vessel of watei, standing on the cap of the piei, oi on the bottom 
of the cast non fiamc, in which situation, when at lesl, it may bo viewed by the eye looking 
through a lens at opposite to winch, at y, is an adjustable piece, of tube holding a pair of 
fine silvci wiies, ciossuig ouc anothci in an acute angle, which the plumb-line may be made to 
bisect, by means of the sciew I of slow motion, the veinieis being fiisi adjusted to thou stationary 
position , the point of suspension of the plumb line is also adjustable by the sciows of its cock, as 
well as by a sliding piece pio|ecting fiom the cock, and this line may be lendeied visible 
cil the same tunc with the pan of cioss wiics, when a stai neai the zenith has been ob- 
seived, and its place load on the cuclc, in the levcised positions of the telescope, on two suc¬ 
cessive nights, while the plumb lino bisects the angles of the cioss wues, a mean of all the 
leadings on the ciicle, so taken, will give the stai*s zenith distance 5 and the diffeienco of the 

eastein and westein leadings will be doublo the euoi of the index and colUmation in altitude 
taken conjointly. 

/t If the point of suspension of the plumb line weio placed on a cock at a quailci of the 
tube s cucumfeieiice from its piesent situation, and if the lens at p and wires at q wcie put to 
coiicspond, such pluinb-hne might be used to level the axis by simple i eversion, without the 
aid of a star; but such application could only be made occasionally, and would not immediate¬ 
ly detect a change of inclination lu the mannei pointed out by a good i evolving level, cuuicd 
constantly by tbo axis. It has however been sometimes objected, that the position of a revolv¬ 
ing le^el is not so ceitain as that of a striding level, which rests on the pivots of the axis, since 
the connexion is not immediate, but if the hanging level will piesei ve the bubble in the same 
positidn, near the middle of the tube, in eveiy degiee of the telescope^s elevation m both the 
reversed positions, the level must necessarily be paiallel to the axis, as well as the axis itself ho- 
uzontaL ^he piece of tube seen xa fig. 4 . may occasionally sciew into the place occupied by 
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the lioklei of the eyc-piecc, when the stai is too small to bo seen at the same tunc with tlie 
spidei’s linos; and the diametiical line foimed by the stiaight edge of the small slip of brass 
seen ciossing it, will take the place of the middle lino, and show, by either an cmeision oi im¬ 
mersion of the small stai, as it may be adjusted, tbe moment of its tiansil over the mciidian ; 
but tbe slais foi wbicb such contiivancc may bo ic(juued aie so uumoious, that we take notice 
of it lalhci as mattci of ciuiosity than of piactical utility, though Delambio says he ficqucntly 
used such a slip of metal foi the same puipose. The level ? lies in a detached state on the cap 
of the pill^jjno sliow that it remains level, and the small invcited pendulum invented liy llai- 
dy, and known by the name of Ilaidy’s iioddij, stands suuounclcd by a glass covei caiiying a 
scale, to show the position in which it is usually placed, its pimcipal use, is to try il the case 
of the clock bo pcifcctly insulated fiom the flooi of the room, and flunly fixed to the wall, 
when the least motion is communicated to the case by the heavy vibiating pendulum, the noddy, 
having its vibiations isocluonal to those of the pendulum, will show the effect by commencing 
its Vibiations the sciew at the bottom, opposed to the two foot, selves to adjust Lbcpointci of 
the nod^y to the middle of the scale, when iL has taken its station at the head of the clock case. 
The vcimcis of the ciiclc aic iiaually icad by a pan of positive cyo-jncccs, at the opposite ends 
of a levolving bai, in fiont of the vcinicis, but a pair of compound micioscopes may occasionally 
be substituted, when the cuclc is used foi nice puiposes. The bonding of an imbiaccd toloscopo 
is easily seen, when dnected to a distant mark; for even a twopenny-piccc laid on the object- 
end of the tube will produce a diffeicncc of sevcial seconds in the mcasiuo of alUtiule, 
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1 . When atiansit-instiument is fiist received iiom the maker, it will be pioper for the observer 
to make lumsolf acquainted with its pi opei ties, by a duo examination of all its pai ts; and to 
become master of all its adjustments, bofoie ho can proceed to make obseivalious with 
confidence. We will suppose bun to have obtained an iiisUumont mounted in a metallic fiamc, 
such as wo have just dcsciibod, and that one pillai is sulliciont ibi its suppoit, in tins case be 
may place as many cuculai pieces of biass about the size of a penny-piece, with conical holes 
at then centics, as thcie aic feet, upon the covering stone of the pillai, without fixing them at 
fiisfc, foi the puipose of locciving the feet-SCiews which suppoittho fiame. At the fiist oppoi- 
tunity he must diicct the telescope to a stai of the fiist oi second magnitude, and try if the 
vision be good, as wc have duected m oiii fouith section, if the stai is seen lound, and ficc 
fiom nuidiations at each side, and equally so thiough cveiy pait of the field of view, the object- 
glass is adjusted, and the eye piece piopcily adapted, then if, when the eye piece is pushed too 
fa] in, 01 diawn too much out, the telescope being duected to the moon, the disc is sinioundcd 
by a boidei of gieen in the fiist case, and by a boundaiy of piuple in tbe second, the telescope 
may be considcied achiomatic, and Ibeie will be leason to be satisfied with the optical poition 
of the instrument, paiticulaily if the diagonal cye-pieces and higher poweis bo found also good 

YOL. II, V T 
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neat the boideis of the field of view. In instalments of a portable consti action theieis usually 
cl piece of large tube, holding the smallci tube foi leccmng the eye-pieccs and diaphaigm, 
which IS adjustable within the mam tube, foi icgulaiing both the vertical position of the tinn- 
feit spidei’s-lmes, and also then distance fiom the object-glass, which must be such, that the stai 
shall appeal as a small luminous point, at the same time that the daik lines aie seen well do* 
fined m the illuminated field, in this case the diaphiagin containing the lines it in its place, 
but cannot be finally adjusted till the axis has been levelled It will be piopei also to exa¬ 
mine that the feet scicws act well, and lemain steady m any position given thomj and also that 
all the screws winch fix the diffcient paits of the flame togethci, aie tuined homo, and lemain 
so after being shaken by carnage. The length of the axis of the telescope’s motion, fiom shoul- 
iler to shoulclei, should bo just sufficient to leach fiom one Y to the othei, without eithoi fiic- 
tion or liberty to move endwise j and the lamp should be held by the suppoits m such way, that 
dluniination may always be insuied ^Vlthout fiuthci adjustment foi position# The equipoise of 
the telescope should also be such, that it may letam its position without a clamp m any given 
degree of altitude, when an oiclinaiy eye-piecc is applied, and the coveiing cap xemoved fiom 
the object-end An useful magnifying powei for a telescope fiom 3^ to 4 feet focal length, 
will be fiom 70 to 90 oi 100. The sciews of adjustment of the diaphiagm and Ys, both hori¬ 
zontal and veitical, should finally be examined, to see that they aie competent to give sccuiity 
of position to the parts adjusted by them, iindci all ciicuinslances. The metallic parts should 
all be fice fiom flaws in the casting} and the pivots of the axis should be of haul belbmelnl in 
piefcience to steel, which is liable to rust, and theieby to altei then dimensions, independently 
of the wcai by partial attution lu certain altitudes. 

2 Adjuslmeni qf the Level* —Aftei the optical and mechanical paits ot the ni&tiument have 
been caiefully examined and approved, the fiist adjustment necessaiy to bo peifoimed is that of 
the level itself, whethoi 6( the licVmg ot ievolving kind, which is intended to insure the hoiizon- 
tahty of the axis to which the telescope is fixed. As we have alieady given a full account of 
the piopeities of the spmt-level [§ L ], and of the methods of adjusting and using it for dif 
fcicnt pin poses, wc have only to lemark hcic, that the level is in adjustment when the bubble 
gives the same jndicaiiou on its scale at both the leveiscd positions } and that, if it does not, 
one half of the euoi must bo collected by the veitical sciew of the piopei Y of the axis, and 
the othci half by sciaping oi filing the small Y of the level, at that end to which tlie bubble 
urns, till, by thus halving the cnoi, the indication Will be the same in both positions 

3 Ho) tzo7itahty qf the Telescope^s Am* —-The same opeiation which adjusts the liding level 
will place the axis also horizontal, provided the diameteis of its pivots be of the same dimen¬ 
sions^ because, when the levetis made houzontal, and also parallel to the axis, the axis itself 
must nccessaiily be houzontal also. Hence when the level is piovjously adjusted, and the 
pivots known to bo alike, bunging the bubble to zero of the scale, by the vertical sciew of the 
pro|jer Y, will at once level the axis, when inclined a little} and if any subsequent inclination 
should take place in it, oi alteiatlon m the level, an occasional reveision of the position will 
imrttfediatoly detect them To dtscovei whetliei the pivots are alike oi otherwise, we must 
lefcr'our readers to what has been already said on the subject [§ L 70- When the revolving 
level IS used, the line joining the pivots of its suspension must bo made paiallel to the axis of the 
telescope, byjievcrsing tlio axis, abd collecting one half of the erior by the sciews that adjust 
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the pivots of suspension, and the other half by the vcitical scicw of the Y, after the level itself 
IS adjusted 

4 The Spidei's Lines —When the axis of the telescope has been tiuly levelled, and its 
vision adjusted, the next object will be to place the paiallel linos tally vertical, and to detei- 
inine the equatoiial value of then intcivals, The spidci’s lines, oi wucs, aie usually hud 
paaillel to one anothei on a ciicuhu plate of biass, winch is pciforaled at the ccntic, and is 
capable of diffeiont adjustments at the eye-end of the telescope * a shoit piece of tube, just 
fitting the inteiior cavity of the mam tube, icceivcs the ciiculai plate, the adjusting scicws, 
and the eye piece, and is capable of being pushed inwai ds foi giving distinct vision of a btai 
upon the lines, oi of being tinned lound till the five paiallel linos aic made tiuly veitical. 
When the foiinci has been effected, the hittci may bo adjusted by a distant maik in oi near 
the hoiizon thus turn the fiainc, standing on the discs of biass, loiind till the chosen maik is 
bisected by the middle line, and level the axis, as above dosciibod, then elevate the lolcscopc 
slowly, and obseivo if tiio same point of the maik continues to be bisected by the middle hue 
in oveiy pait of the field’s vcitical diamclei, if this be the case, the hne is alicady vciLical, 
but if not, the inteiioi piece of tube, containing the lines, must bo tinned giadually louud, 
till this appearance takes jilacc, and in that situation the lube must bo sccLiicd by a fixing 
scicw or steady pin taking liold of both the fixed external and adjustable inlernai tubes. If, 
instead of a point taken in a distant object, a thick while plumb-line bo suspended on a daik 
gtound at a distance m its place, the middle Jino may bo made to coincide with il, to cnsiue 
its veiticality, and then a motion in altitude given to the Iclo&copc will show whctlici the coin¬ 
cidence continues luiallcred by change ol' elevation, and consequently wlicthci the axis has 
been piopcily levelled. When the paiallel linos have been icndcicd tiuly vcitical, and found 
to be so also in the lovcisod positions of the axis, the value of each intciv.il may bo found, ni 
minutes and seconds of a dcgico, by moans of a well giadualcd scale, with dividing linos 
sLiongly maikcd, placed honxontally at a known distance, and within the field of view, so that 
the divisions may appeal ciossing the vcitical spidei’s lines at iiglil angles j then if the tele¬ 
scope’s apcitiuc be diminished to an inch oi less by a pcifoiated c.ip, the scalo will be seen as 
distinctly, though not so biighlly, as if viewed at a much grcaloi dlslancc with the whole 
apeituie, and the dividing stiokcs of the scale will ihus be visible. The value of any division 
on the scale, with which the intcivals of the lines may now bo compaicd, may bo knmvn by 
lefeience to the Tabic given m oui twentieth section and its accompanying explanation, as 

Kr 

though the intcivals foiiucd a iniciomctiical scale . then if the value m aic be divided by 15, 
it will give the equatoual value in tune. The compaiison with the scale will furlhci show 
whether the intervals aie all equal to each dthcr. But the most usual, and pci Imps the most 
satisfactoiy mode of doteimining the values of the diffeient intcivals in lime Is, by cQUnliiig 
the tunc, in seconds and pails, occupied by tlie passage of a stai without declination, oi noaily 
so, ovei all the intervals, taken both scpaiately and collectively, by sevci al icpotitions at oi 
neai the mendian. If the stai is not on the cqu.itoi, and has its appaicnt declination known 
at the time, the value of an intei val r, obtained fiom its passage ovoi the meiidun, may be con- 
veited into the equatoual value r, by multiplying the seconds counted by the cosine of the stai’s 
declination, oi by the sine of its polai distance But befoic tins method can be used, the in- 
stiument must have been placed m the mciidmn. If all the intcivals have not then values 

T T 2 
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nhke, a mean of all tlie tiansits will not be tlie moment of line passage ovei the middle line, and 

a table of collections must be computed fioin the foimula whcio <?, b, c, and d 

5 cos. doc 

aie the five unequal eqiiatoiial inteivals, but now that dividing onguies'and inicioscopic tiaiia- 
feis of divisions aie so competent to insuie the equality of divided spaces, tlie bettei plan will 
be to have the paiallel lines themselves lefoimecl. 

5, Colhtnaiton m Azmuth ,—When the telescope is duecled to a visible point in a distant 
object, and the middle spidei’s hue biouglit to bisect it, aftei the pieccdmg adjustments have 
been made, its axis must be luined end foi end, and if aflei this levcisiou the same point be 
again bisected by the same line, this is a pioof that a line, passing fiom the middle spidoi^s line 
to the optical cenlie of the object glass, is at light angles with the axis of the telescope’s 
motion, 01 that the colhmation in avimuth is in due adjustment; but if, allci leveision of tlie 
axis, tfic visible point choson foi a maik be found at one side of the middle lino, it will show 
that the middle line is not in the optical axis of the object-glass, and tlie adjustment must be 
made paitly by the hoiizontal sciew, that moves the Y in azimuth, and pailly by the sciows to 
the light and left of the cnculai plate containing the system of lines, the squaied ends of 
which piojecLfioin the innci piece of adjustable lube, when one half of the deviation 1ms 
been lectified by the sciew foi nzimulhal motion, and the othci half by iclcasing one of the 
small sciews at the eye-end and sctcwing up the othei, till the maik is again bisected , the 
axis must be again lovcised into its oiigmal situation, and if a deviation is still peiceptibie, 
either to the light or left, it must be ditnuuslicd by halving as befoic, and again icveising, till 
the two positions are exactly alike, as the middle line regards the chosen inaik the adjust- 
ment foi collimation m azimuth will then be complete. The vcnfication of this adjustment 
may be pioved by the pp8|,ge of the pole star * when the time has been noted at llie wiic pic- 
ceding the middle onte, and again at tjie middle wue, the position of the axis may be icveised, 
so that the preceding may become the following wire ; then noting the lime of passage over it 

• a second tune, will show whethei the position of the middle wue has been alleted by the 
icveisioii, and how much j namely, by one lialf the dilfeiencc of the two inteivals befbic and 
aftci the passage ovei the middle wue This method was spoken of by Caihni, in the Ephe- 
mendi di Mtlano, some ycais ago, as well known on the continent 

6. Colltmcdionm AllUude ,—Though the tiansit-uistiument, consideied simply as such, is 
nevei intended to mcasuie altitudes with peifect correctness, yet as it has always a ciiclc oi aic 
giaduated to point out, as a findei, the altitude of a given stai appioximatcly, it is piopei that 
the hoiizontal line of the system should cioss the paiallel vertical lines not only at right angles, 
but in the optical centio of the field of view also, this is the line on which a star should be 
made to pass thiough the field, when its appioximate altitude or zenith distance is indicated on « 
the cucle. Indeed if suitable mechanical means weie employed to pi event the bending of the 
telescope, its cucle, placed at one end of the axis, as in the iitstiument befoie us, and aS is usual 
m Geumany, might be made laige,enough to obtain declinations, at the samo time tliat right 
ascenslojis aie observed. We wi\l theiefoie explain how the adjustment may be made foi col- 
liinattoR in altitude. When the telescope is diiected to the pole,stai at the time of passing tlie 
meiidian, oj 'to a well defined distant point by daylight, and the hoiizontal line is made to bisect 
it, the veinieis of the circle must be Yead, and -a mean of them noted, while the bubble of the 
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level, earned by the vcmiei-bai, i& at zeio, the a\i8 of the telescope must then be leveised, 
and the hoiuonUl line be hi ought again to bisect the btai, oi the same distant point, as the 
case may be, and when the bubble of the level, winch is now also icveiscd, is made to stand at 
7C10 as befoio, the inelin of the leadings by the veimcis must be again noted, then if altitudes 
aie read in both positions, half then sum will be the tine appaicnt altitude, and half their dif- 
feiencc the eiioi of collimation m altitude, piovidcd thcie has been no bending of the tele¬ 
scope , but tins eiioi, like most othci insluuncntal ciiois, may consist of two pails, the hoii- 
zontal spidci’b line may ho out of the optical ceiitie of the held of view, and the level, supposing 
it pioviously adjusted to lovcisc piopeily in position, may not be in its tiuc position as it ic- 
gaids the zeto of the ciicle’s divisions, i c it may occasion an index enoi. one half of the 
ciioi, aiisiug fioin half the difference of the altitudes, must be coucclcd by the pair of small 
sciews above and below the outci end of the adjuslable tube, in the same way that was done 
with the pan of side sciews, lU adjusting foi collimation in azuniilh, and the olhei half by the 
sciew that altcis the iclalivc position of the level. Then a lepctilion of the moasuiemonts, in 
the icvciscd positions ol the axis, and a coiicsponchng halving of the ciioi by the icspcctive 
sciews at each tunc, will lit length annihilate the crior, oi make it so small, that it may be al¬ 
lowed foi as a constant collection 


7. Position in the Tlio lost, and most diflicult of all the adjustments of the 

ti ansit-insluimcnt, is that by which it is placed in the lino inciuhan of the place of obsoivation 
Thcie aie many methods, howcvei, of accomplishing this task, by direct and incliicct means, 
but the most convenient, as well as the most coiicct, and consequently the most piactcsccl, aie 
those in which the pole sUu is employed, in which two ciicninpolai blais of ncaily the same 
ilcchnation, and diffciiiig ncaily twelve horns in light ascension j 01 m which two btais diffoiing 
cousidoiably m altitude, and but little m light ascension, aie successively ohseivcd, but which- 
evei method he chosen, the clock that gives the times, must have its lato picvionsly dclci- 


miucd, which may be done by successive liansils of the same stai, even bcfoic the instiumcnt 
IS tiuly placed in the inciidian, piovidod it remain firmly m the same position. 'Jlic appioxi- 
mate position of the instiumcnt may in llio first instance be made fiom Iho shadow of a plumb- 
line falling, at appaicnt noon, as near as can be asccilamed by oidinary means, along the tube 
of the tclcacopo, 01 paiallcl to it; 01 what will be still' bcttci, the solai time of the polo slai*', 
passage ovoi the inciidian on the given day, may bo computed, as we have directed in out fiist 
volume (p. 3341), cithci foi the uppei oi nuclei culmination 5 and then the telescope, levelled 
and pointed to it at the computed tunc, which may always bo known vciy neaily by some of 
the common methods, will icquiie but little subsequent adjustment. If the sulcieal clock be 


now put to indicate the light ascension of a known stai, as it passes the telescope turned ovei 
towaids the south, while in this position, siibscqucntfobseivations of ciicumpolai, 01 of high and 


low stais, will icclify the position giaclually, piovicled all the adjustments which have been de- 
scribcdj’ continue unaltcicd foi a sufficient length of time, and then ameiidian maik, that is 


capable of future atljustment, may be placed at a convenient distance to the north, and anotliei 
to the south as tcrapoiaiy guides, till then positions bo finally asceitain^d by some of the 


different methods, which wo piopose to iHustiate in oiu next section. 
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§ LVIL TO DETERMINE THE EXACT PLACE FOR A MERIDIAN MARK 

1 , When a maik has been placed ncaily in the meiidian of an instalment’s position, by any of ' 
the lOugh methods, the final adjustment leqiiiies both accurate obseivatioiis, and ceitain com¬ 
putations depending on the method adopted. We have ahcady specified thiee modes of 
bilnging a transit-iustiument into the meiidian of the place of obseivation, which aic genoially 
consideied the most desiiable, a moic paiticulai explanation of which we icserved foi this 
section, and shall now piocecd to exemplify them in succession. 

S. A Cttcuinpohr Star ■—The motion of the pole-stai is so sldw, and its appaicnt place is 
now so well known by previous computation, given in the Nautical Almanac, and othci oplio- 
inoudes, that we may safely make use of the intervals in time between its successive uppoi 
and lower passages ovei the middle wne of the tiansit telescope, to asceiUiii wliethci or not 
this wire bisects the ciiclc of its duiinai motion. If the eastern and wcstcin semicircles aic 
not peifoimed in like tunes, by a clock which is legulatod to show coiicct suleieal time, when 
its lato is allowed foi, we can, fioin the obseivod diflbience of tune, doleitmnc a, the oiioi in 
azimuth at the Jioiizon, wheie it is 2nosumed that the mciidiau maik is jilaccd, oi veiy ncaily 
so i and then we can adjust foi this eiior by means of tlio hoiizonlal sciew, which moves one 
of the Ys of the insliuincnt's axis in azumilli, foi which puiposo it is dcsuablc that its value 
should be known, oi that a scale of seconds in arc should be placed hoiizontally above oi below 
the said maik, and tliat the maik itself be adjustable. Tins maik may be an acute angle foimcd 
by the meeting of two ationg coloured lines, a cncular disc, or vcitical paiallclogiain, painted 
on any solid material, octaumuiatcd accoiding to the fancy oi convenioncc of the obsoivci \ 
any one of which may be bisected by the middle wne, aftci the maik is finally adjusted. 
When a convex lens is placed in front of the maik, at the exact distance of its solai focus, and 
at light angles to the line of vision of the telescope, it will be of no impoitance at what 
distance the maik be placed, because the lays issuing flora it aie lendciod paiallci by then 
pass<igo thiougli the lens, and the vision of the telescope will be distinct with its eye-i)ieca 
adjusted to'the solai focus. Instead of this contiivanco, suggested by Gauss, it has been 
usual, m adjusting small tiansit-instuiraents, to fix an additional plano-convex lens, ground 
to a ladius equal to the distance fiom the inaik, bcfoie the object-glass, to answei the same piir- 
2>osc of lendciing the maik visible at a shoil distance, but as the two lenses may not have the 
same optical ccntie, an ouoi may bo thus mtioduced, which can only be detected by tinning 
the additional lens round, and tiying the eftbet m different positions. At 95.49 yaids ftotn 
the object end of the telescope, one inch will subtend GO", and the scale will vaiy inveiscly as 
the distance, as may be seen by oui Table computed foi distances coiicsponding to angles 
subtended by a yaid [§ XX.]. As an example of this method of adjusting the mark, let us 
take two obseivations of the pole-stoi’s tiansits as made on July IG, 1826, m latitude 52“26'N.> 
the Upper one of winch took place when the clock indicated 0 '' AQ™ 27 ‘. 5 , and the lowei one 
when the time shown was I®"* 58 ™ S 4 t, 6 , the dechnation of the star being at that tune nearly 
88“ 33 '. If we call the tune given by the clock t at the iippci passage over the middle wire, 
and f at the lower passage , then, if we put L foi the latitude of the place, $ foi the declraa- 
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tion of the stai, and a foi the azunuthal deviation in seconds of tunc at the lioiizoii, this 
deviation may easily be found by the follovying foimula. 

a =: cotan I, ( 1 .) 

2 . cos L 

Thus. . #“IS’* in this example IS 53‘ . . log. 1 ,72427 

2 Ai. CO.constant log. 9,09897 

Cos. L 52" 20' ai. co. =: sec. 1/ .... 0 .21490 
Cotan. 5 88 “ 28’. 8 .45061 

^1 ■ ■ ^ I I I I Ml ■■ I I < 

a m tunc == l’. 22 G . 0 .08875 

15.constant log. 1.17609 

a in aic = 18".40 . 1.26484 

Now as the fiist oi wostcin scmiciicle was passed through by the stai in a shoitci tune than 
the second oi eastern one, this shows tliat the object-end of the telescope was pointed 18''.4 to 
the western side of the tiuc maik, oi that the eastern end of the axis deviated so much fioiii 
the cast and west line, towards the north, which quantity must theicforc bo leclificd by the 
sciew and scale accoidingly; and then the point, wheic the middle wire then cuts, will bo the 
place of the mciidian maik, piovidcd the axis has been perfectly horizontal, and tho colhma- 
tion m azimuth well adjusted, which the work supposes. It is obvious that this method is 
independent of the light ascension of tho stai *6 place, but is not fice fioin any change of latc 
which may have taken place in the clock’s going for twelve houis, it being presumed that the 
clock docs not vaiy, and this is the piincipal objection to the method, which however vanishes 
when the clock is good, since the motion of this star is vciy slow. 

3. A Pan q/' Ciicimpolat Slats ,— The late Mr, Butt pioposed a method of iedifying an 
appioxiinale ineiidian maik, by means of two stais, of nearly tho same declination, but diflci- 
mg twelve horns, moio oi less, m light ascension: tho object of this method is to do away the 
necessity of placing implicit confidence in the clock’s latc for a longer peiiod than the shoil 
interval elapsing between the supeiioi, oi infeiioi, passage of tho first star, and the opposito 
passage of the second, at the two pcuods of observation, which ought to bo at neaily twelve 
liouis’ distance from one anothci: if tho dififeicnccs of the two passages, taken at the levcised 
situations of the two stars, me tho same at both peiiods, it is a pi oof that tho semi-diniiial 
aics of the entire ciicle aio alike, and that consequently the tiansit instrument is properly 
placed in the mciidian, piovided it be truly adjusted m other respects 5 but if the intervals 
denoted by the diflciences be dissimdai, then a rectification is necossaiy, and its quantity must 
be computed and applied in tho proper diiection. We have given a catalogue of many pans of 
stars which are adapted foi this puiposc, at pages 275 and 276 of our first volume} and shown 
at pages 411,412, and 413, how without computation the position of the transit-instrument may 
be apptoximalely adjusted, agieeably to the plan suggested by Mi. Buttj but as tho pohu 
distahccs of the stais were not considered, nor the latitude of the place taken into tho account, 
the dcteiminations theie given are incoriect approximations, and ought not to be relied on 
wheie accuiacyis the mam object. that method is convenient for Icmpoiaiy observations, to be 
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taken With a small tiavclling instiument, but is not sufficiently accuiate foi a legulai obsoivn* 
loiy fuinishcd with lived instiuments Wc will ihciefore lesumc the sub}cct in tins section, 
and explain how a meiidian inaik may be adjusted with the gieatcst piecision by means of 
two ciicurapolai stais, diffeiing neaily twelve liouis in light ascension, and without having 
legaid to then tiue light ascensions. If we put as bcfoie i foi the time of the fiist slai’s nppci 
passage, and { foi that of its lowei passage, also v and r' foi the times of the contiaiy pas¬ 
sages of the second stai, which is chosen to follow the foimei at a distance of neaily twelve 
houis in light ascension, then Biot and Dclainbie have shown that the piopci foimula foi oui 
pin pose will be 

jg'‘) siji A sill A' 

“ = —^-.Torr,.,r(ACX)- 

in which expiession a is, as above, the azimuthal ciioi in position, as it legards the tiue men- 
(ban, A lepieSenls the polai distance of the pieccdmg stai, A' the polai distance of the lattci 
stai, and h the latitude of the place. Now it is manifest that to obtain (^-.^-12"), or 
(r—y—12'*), the clock’s going must be depended on foi at least twelve houis, and in this case 
either of the two stais may be scpaiately used, as we have alicady done the polc-stai, and 
tlieicfoie nothing would be gamed by this complex foimula, moie than could bo obtained by 

the jnecoding more simple one but this foimula will ictain its value if wc modify the tciins 
thus, omitting tlie twelve houis, viz. 


« Bin A . sin A' 

“ g.cosi. sm (A'-A) ‘ 

4. According to the notation used m this equivalent foimula, it is obvious that the terms 
(/—r) and (f — »■*) express simply the two slioil intervals of tune taken up lespectivcly between 
the two consecutive passages, one obsoivcd above, and the other soon after below, and taken 
again, aftci about twelve houis, in the reveised oidei, viz the fiist now below, and the second 
above j and it is only to indicate the duiation of each of those shoit intcivals that the clock is 
lequiied. This laltci foimula, thcicfoie, is suitable for giving the deviation a, from the ob¬ 
served intervals only, accoiding to Mi Butt’s plan, without lefeiciice to the absolute light 
ascensions of the stais, or to the whole 12'' indicated by the clock. The application of the 
foimula will be easily unclcistood ftom the work of an example But it must be iindeistood 
that, when (^ —-f —12'*) is a gieatci interval than (r—r'—12"), the hoiizontal deviation n will 
be towards the east, and towards the west when (r-r—12 ") is gieatci than (;-/'-12"), and 

also that when the second interval (f — v') is gieater than the fiist v), the deviation will be 
to the east, and the contiaiy, 

5 On the 1st of January, 1828, the apparent right ascensions of the pole-star, and of 
^.Urste Majoiis pimcedens (Mizar), aie given in the Nautical Almanac 0" SO"" 29', and 13" 
16® £f8', and tlioir appaient noitli polar distances 1'’ SG' 9" and 34>° 10' 44", which may he 
taken at 1°36' and 34* 11', as arguments, sufficiently neai the tiiith foi oui purpose When the 
clock at an obseivatoiy m latitude 52° 26'N. was regulated properly, and its onoi and late 
allowed for, the times of the four passages taken by the tiansit-insliuinenl, placed a little out 
of the meiidian, but otheiwise well adjusted, were as follow j viz. 
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Pole-slai above 1" 0™ Q\55 = t Pole-stai below 1?'“ 58" ~ t' 

{Uisoe Mi\) below 1 IG 55 4G = r ^Uisee Maj. above 13 16 58 16 = r 


t-T 

Subliact 


- IG 54.91 i'~r , , , ~ 18 a.69 

-18 2 C9 


(f - r') + 1 7 ‘78 = 6r.78 


Now as {t'—r), the second inteival, exceeds (<—»■) the fii&t, the dovwtion is towaids the cast, 
and the diffeience of the shoit inleivals is 67**78 lof us tiy what will be the diflbiciice 
betw'een the two longei intcivals (/—/'—12'') and (r—r —12'') thus 


1 . 

• 

1" 

O'" 

0’ 55 

V . .1" 

IG"’ 

55* 46 

a 

« 

12 

58 

55.47 

. . r' . . 13 

16 

58.10 

(/-f- 

-‘12'') 

■ * V Tah ■'* 

■ ■ -k-d Wrf 

1 

1 J ^-BTT 

5.08 : 

= 65’.08 (r-r-12") . 

- 

- 2,70 

Subliact . 

4 » 


t * 

- 2.70 



1 

i 

-12") ■ 

- (r. 


-12") 

67.78 as before, 




but to acquiic tins lattoi diffeience the clock must go tuily for the lotigcr mtcival, or for 
about 12'' 18'", whoieas to obtain the foimei diffeience, tlio longei of the two mlorvals is little 
moie than J8 minutes foi the clock to pcifoun. In eithci case the quantity G7‘.78 is all wo 
want fiom obSCI vations at the tiausit-mstiument, foi the woik depending on our laltci foi- 
mula (3) will accomplish the le.st in the following mannci. 

Sin A 1“ 3G'. ... H .44594 


Sin A'34“ 11' . 9.74961 

07‘.78 . . . 1.83110 

2 ai. CO. . .... constant log. 9.69897 

Cos L 52 “ 26 ' ai CO. =: sec i . . . . 0.21490 

Sin (A'—A) 82“ 35' ai. co. = coscc . 0 .26879 

.. ^ 'Tl M- 

a = 1*.619 . 0 20931 


15 . . .constant log. 1 .17609 

* I . t ■« 

a = 24" 29 in aic, towaids the east, ... 1.38540 

I 

6 This method of dcteimining the deviation of a liansiLinstiumcnt horn the meridian, 
lequnes foui obseivations, and is Ihcicfoio chaigcd with foui ciiois, which togethei will 
piobably be gicatci than the single erior of the clock in twelve hours, Ibi a good clock xvill 
never vaiy half a second fiom its daily late in this lime, if it docs, it is not fit to he 
admitted into a legulai ohseivatoiy Accoiding to the data now bcfoie us, oilhci of tlie two 
stais should give the deviation sepaiately, on a supposition of the times being taken and noted 
coiiectly, fiom oui fonnula (1.), thus. 

VOL. II. V u 
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Pole-Star. 


3 ai. CO , . 

Sec. of lat 52® 26' 
Cotaiig. J 88° 24/ 


. 1.8134.4. 
constant 9 60897 

0.21490 
. 8 .44611 


a ^ 1*.491 01 22".S65 . 


. 0 1734.2 


^ Ursl Majoris 


r-r'-12’‘=2’70 . . 0,43136 

2ai CO. . . 9.69897 

Sec. of lat. . . 0 21490 

Cotang 55° 49' . . 9 .83225 


a = J‘.505 01 22 "575 O.I 7748 


The accoulatice of these two last icsults show, that the deleimination of the deviation may 
be accomplislied as \\ellby one ciicumpohu stai as by two, when the clock can be dopcndeil 
upon foi an inlcival of twelve horns, aftei a piopoitional pait of its daily latc has been 
applied. The disciepance of one tenth pait of the second of lime, when both slais aie used, 
aiises piobably paitly out of the eiiois of obseivation, and paitly fiom the declinations being 
taken only to the neaiest mmuto. It will be convenient to unite the constant Jog 'of 2 at. co. 
=: 9 69897 with the log. secant of the latitude foi a given obseivaloiy, and to make one 
constant of the two, which in oiu case becomes 0.91387, foi Giecnwich it will be 9 ,90444 * 
then the sum of tliiee logauthras, viz of l— 12 ", of cotang h, and of the constant, will be 
the Jogaiithm of the devaalion a, whatevei may he the ciicumpolai stai and the only objection 
to the use of tins method is, that tlio stai must necessauly be twice visible within twelve suc¬ 
cessive houis, and if one of the passages woio even visible by day-light, the clouds must be ab¬ 
sent at both penods, winch will not fieqiicntly be the case in vanablo climates. When lliu 
azimuthal deviation is lequucd m aic, the logaiithm of 15 may also be united in llic constant, 
which m the last examples would become 1 08996 , 01 1.09, and the woik of the pole-stui 
would be abiidged thus: 

65*08 . 1 81.344 

Constant . 1 08996 

Cotang J 88 ° 24'. 8 .44611 

f . I'liii inf TTTrT»~ 

flt =: 22".36 as bcloi e . , . 1.34951 


7 . We aie now in a situation to show that the tunes of Ihp tiaiisits of /3 Cephci and 
^ UisEE Majoiis, as given in the example at page 412 of 0111 fiist volume, weie assumed for the 
ineie puipose of illustiation . if wc suppose the obseivatioiis to have been made at Edinbuigb 
(foi the latitude of tlie place must necessauly exceed the polai distance of eithei stai, that 
they may both be visible below the pole,) oui foimula ought to give the azimuthal crioi of the 
telescope's position the same, xvhichevei stai be chosen foi affbiding the compulation; but 
thfit this will not be the case in that example will appear fiom the subjoined statement; viz 

a IJiisa; Majoius. 

Infeiior passage (r) . . 21" 21* 1* 5 

Supeiioi . ( 7 ^). . . 9 21 3.5 

* - . ■ ■ ■ ■ ---K p M, I 

r—T-~12" . . . —2.0 


p Ckpiiei. 

Superihr passage (/) . . 21" SG* 22' 74 
Infeiior. ,. . (0. . 9 26 20 70 


t-f-12". 


• I < «. ♦ 


2.04 
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Theii;-^'-12"= g.O'l) . 

@ ai CO. . . . • . 

Sec of lat. 55° S& . . . 
Cotang J C9° 4<7' 

a = G'.yo 


« » 


0 .S096S 

0 .09897 

0 25109 
9.50615 


r-T'~12"= -2 0 , 


2 ai. CO. 




Sec. of lat 
Colaiig. 52“ 29* 


. 0 SOI 03 

0 .09897 
. 0 .25109 


, . 0 820M a 


is’m , 


« 4 


9 88524 
. 1.13093 


Hence il is evident that the assumption, of /~f—12", and of r—r'-“12", in this example, is 
diffeient fioin what actual ohseivation would ulToid, wheic the diflcicnce of the stais’ declina¬ 
tions IS so consideiablc. As a fiuthci pioof, if wo wcic to compute fiom oui foiiniila (3.), by 
taking (t—r) — (f—r') = 4*.04 fioin the same assumed data, wo should find a =: 25’.52, dif¬ 
fei ing fiom both the foicgoing dctciininations 

In the pieceding examples the adjustments foi the inclination of (ho axis, and foi colliina- 
tion in 7R, aie supposed to have been, as usual, coi icct. When they aie not so, thcii co-cfllciciits 
b and c, will lequiic to bo dctcimuiod, the foiinoi fiom the foiinula alicady explained[§ L. 11.], 


b 



(re>+w') — + e'), and the lattoi fiom the annexed fonnula, 

c =i I Q — i) . cos i \- {{b — b) , cos (L—^) 


in which I denotes the tunc of the polo star’s culminalion, as derived from tho wiic next to the 
middle who; b the inclination at that time, and /, 1/ the coriesponding values of f and b aftei 
the axis is leveised. In this case the azimuthal ciior, n, must be computed by a more complex 
foimula, thus • 


a = 


i- I' 


12 " 


" , , b . cos (L 

- . cotang. 0 4 ---s— 


• J) — //. cos + ^) I- 2 < 
2 cos Ti 


(4.) 


2 cos Z/ jr, ujf, J 

whcie t' and b' belong to the lowet culmination. But if the axis only is .uljusted, then wo shall 

havoc — ^ (I — f) . cos J. 

8. The thud method of detciminmg the deviation, a, is by means of the obseivcd pa.ssngos 
ovei the meiidian ol two successive stais, having ncnily the same light ascension, but dilforing 
gicatly in declination The punciple of this method is, that, if tho dilleionco ol' the times of 
the obseived passages be exactly equal to the diflcience of tho computed apparent light 
ascensions of the two stars, the instmment will neccssauly be in tho meridian, supposing the 
axis tiuly hoiizontal, and the colhmation adjusted; but if one mteival diflbr fiom tho othei, 
there must be a, deviation liom the meiidian. If we put (/ — t') = dl for the dificicnco of the 
obseived tunes of pa.ssagc, and (Al —Al') = dM, foi the dilTcicnce of the appnicnt right ascen¬ 
sions of the two given stais, tho foimula foi dcteimimng the deviation, «, will in this case be, 


(Z/—dAl). sm A , am A' 

cos L sin (A'—A) ’ cos L, sin ’ 



in which expressions A and lepiescnt tho polai distance and declination of the highci star, and 
A' and i those of the lowei. Ingcneial the two stais suitable foi oui present purpose will have 
opposite declinations, onenoilh and the othei south, and ought to be lemoved fiom each other 
not less than foity dcgiees, we have given a list of such stais, with their suhsuUaiy numbers, at 

u n 2 
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pages 277 ^78 of oui fiist volume but as the Nautical Almanac now gives the coraputcct 

appaient places of sixty stais foi eveiy tenth day, wo may fiequently avail oiiiselves of a pan 
of those, to save the tiouble of computing the apparent places Foi instance, wc may tahe 
nt 171803 Majoiis, 01 t Bootis, with <»* Libiifi j « Coionm Boiealis with Antaies, oi with Libim, 

« Capncoini with u Cygni, 01 with G 1 Cygni, &c whcnthetimes of then passages occiii conve¬ 
niently foi making the obsei vations When the intei val of tune denoted by (dl —r/TR) is positive, 
the horizontal deviation of the mstiument will be towaids the east of the soiithcin point, 111 
northern latitudes, and the contiaiy when negative. The advantages of this method aie, 
that the indication of time by the clock is wanted foi only one shoit inteival, while the in- 
stiuraent is turned to the south, and that the place leqiines not a noithcni aspect, it is how- 
evei necessaiy that the appaient right ascensions of both stais be coiiectly known, foi^n tins 
knowledge the accinacy of the method depends, as much as on the coiioctness of the o])- 
seivcd inteivals As an example to illustiatc this method, we will take the computed light 
ascensions and obseived times of passage of /S Aimgtc and Sums, on the 10 th of Jamiaiy, 
1828 , at an obseivatoiy in latitude 52° 26 ' N., when the tiansit-instuimcnt had siiff'cied a shglit 
deiangcment in its position The woik will stand thus 

^ Amigm . 5" 46 "’ 5r.91 = /, and 5'' 46”' 53*50 = A\ 

6 .37 25.66 = f . 6 37 33 66 = Al' 

dl . . . . = - 50 33.75 dAl= - 50 40.16 

Siihtiact . — 50 40.16 

III . 1 I ip l .. I III I ■ I I 

H- 6 41 

Then 6,41 . . . ..... . . log 0.80686 

Sin A 45° 5', 01 cos 44° 55 '. 9 85011 

Sin A' 106° 29', oi cos J-10° 29' . ... 9 98177 

Sec X 52” 26 ’. .0 21490 

Sin (A'—A), 01 sin iJ) 61 ° 24'ai. co. = coscc 0 .0.5652 

■ II IBI J 1.^% ■■■■ — 

a r: 8MS1, 01 121" 07 ... , . 0 .QlOlO 

This deduction shows that the object-end of the telescope deviated iiom the south point, 
towaids the east, 8 ,131 seconds of limCj oi 121'^ 97 of a gieat cncle, at the tune of making 
the obseivations, and if to mondian niaik had previously existed, the deteuninalion heie 
made points out the hoiizontal collection to bo made towaids the west of the point covoicil 
by the middle wiie, to obtain the tiuc place foi a meudian inaik. But a continuation ot 
smuki obsei vatioiis on othei pans of stais would lendei the final detci mination moic complete. 

9 As a second example we will take the data given at page 414 of oui fiist volume, 
where cl P^sets Axtsinm and ^ Pe^^au iiavc the tunes of then passages given, without any 
specified latitude of the place, on the Uth of Octobci 1823, in this case also the example was 
introduced foi the sole pin pose of illustrating the use that may be made of the Catalogue ot 
High and Low Stais, without adveiting to the formula on which the accuracy of the lesiilts 
depends, aftd which will now be bcttei understood. The woik depending on the data before 
given, agreeably to om foimula (5 ), will stand thus, if we take the latitude at 52" 26 ^^ viz. 
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jII of /3 Pcgasi 22’’ 54t”’ 22’ 2G Obscived limo 22" 54" 17 '. 8 

ill of « I'lscis Ausliini 22 47 <55 90 22 47 51 5 

tl ill . . G 2G ,3G (U ... G 26,3 

rfiil G 26 3G 

. — 0 OG 


Thcn-O’OG .... log. S 77815- 

Sin A' 120° 33', oi 59" 2/ . . 9.93509 

Sm A G2° 53' . . . . 9 94943 

Cos lal. 52° 2G' in. oo ~ SucL 0 21490 

Sin (A'—.A) ,57 40 ai 00. = cosoc 10 07317 

%-r mu 

fl = - 0’089, 01— 1" 335 8 9 . 5074 - 


In this example, as f//ll is gioalci’ than cU, wc have dl—dJW negalivCi and the deviation 111 aie 
atthehoii/on, - -■ 1" 3.3.5, was thciefoi 0 to the wostof the soiithoiii point, .iiul icquiiccl adjust¬ 
ment accoidingly We shall have occasion to explain how the ciioi in liino, depending on the 
aziiputhal deviation in position, maybe coiiectly obtained, when we come to treat of the 
Euiioiis or iur:TuANsii-lN,si'nuMnNi'iN connexion with iiiii Clock on Ciiuonometeu, in oiu 


subsequent section. 

10. The woik depending on the tbimiilic (3.) and (5 ) is not capable of abbiovintion by 
the aid of a compieheiisivc constant logaiithni, as is the case when a single ciicumpoUu stai is 
used, and the computation made agiecably to foimula (1), but a goncial table may be con- 
stiuctod, in which the tabuliu logaiithms may be equivalent to that poition of either foimula, 


which IS 1 opi esentod by 


sm A sin A' 

.. -"t ^ ^ 

sin A'“ A 


, foi then the sum of tiucc logai ithnis, vi/ of {dl—dliV), 


of secant J/, and of the tabuhu logaulhin, will be the logauthm of a m time, 01 in luc if tlie 
logaiithm of 15 be combined with the log, sec of the latitude Indeed foi a given obsciva- 
toiy the logaiithms of the sec. of lat and of 15, may bo combined with the tiibulai loganthin, 
and then the logauthm of (dl—dA\\ the quantity depending on the obscivations, will be 
the only nixmbei to be united with such tabulai logauthm, foi giving thea/jraiilhal on 01 in aic 
without computation The co efficient {di—dM) will gcneially be a small quantity, and 
theiofoic it will not be ncccssaiy to extend tiio aigumcnts of tlic table to finctional paits of a 
dcgice. Wc have computed a gcncial table which, notwithstanding it is contained in two 
pages, compichends a suflicicnt vaiicty of tabiilai logaiithms foi the choice of high and low 
stais to be obsoivecl in succession, in any pait of the woild, and whon the constant logauthm 
adapted to any paiticulai obscivaloiy h muted with all the contained logaiithms successively, 
the table will become appiopiiale to that pailiculai obscivatoiy, Wc have piofeued using the 
polai distance as an aigument, instead of the declination of a star, because sin (A'—.A) makes 
no distinction between noitli and south decimation, wboicas —^), to give the same aic in a 
cuclc of decimation, demands paiticulai attention to be paid to the signs in subtiacting, w'heb, 
one star has noith and the olhei south decimation, which will generally be the case The Table 
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in question we have denominated A, to denote its use m compulations of the ammullial ciior 
of position, and to distinguish itfioni the Table given m oui subsequent section, denoted C, 
as giving the corrections in time depending on the aviinuthal and olhei eiiois of tlie tiansit- 
instiumcnt. The aigiiment at the head of the table is the pohu distance (A) of the hij^he) 
stai, and that at the side is the difference of the polai distances (A'—A) of the two stars 
obseived, the tabiihu logaiithln, as usual, being at the junction of the two vcitical and hoti- 
zontal columns, belonging to the lespectivc aignments, taken to the neaicst whole dcgiees. 
The examples aheady given will suffice to e\plain the mode of using the Table, and also the 
degiec of accuiacy that may be attiibuted to it. In the case of 0 Auiigm and Sums wo have, 
with 

Aig. 4*5" at the head (A), and 01° (A'—A) at the side . tab log. 9.8905 
(dt—dM) G'.41 as befoie ... . . 0.8068 

Secant of lat. 52° 26' (constant) . . .0.2149 

a - 8MSa, 01 I2l".99 .... 0 .9122 

In the second example of /S Pegasi and a Piscis Austiml we have, 


With the head aig. 63” (A), and at the side (A'—A) 48° tab. log. 9 .9.540 

(di - dM)0\06 . . . 8.7782- 

Secant lat 52° 26' (constant) ... ... . . 0 2119 


as- 0h089, Of - 1".335 . , 


I t « * « 


8.9477 


11. In Prance, a cuculai disc, illuimnalcd by a laigc leflcctoi, and placed at .i gicat dis¬ 
tance, IS * sometimes successfully used as a meiuhan maik, which may be distinctly seen bj 
night; and Mi. Pond, we undeistand, has lately pioposed to use the cioss wnes of a small 
tiansit-instrument, at .i shoit distance, foi the same puiposo, foi when the small ti.iiisil- 
telcscope is ducctcd iindei the tube of the laigc one, to view the noithem distant meiuliiui 
mailc, Its position as a southern one maybe piopeily adjusted, and the noithcin maik may be 
observed by it fiom time to tunc, as a tost of the duo adjustment of the small tiansit-instiyment’s 
position. Such contiivance may piovc veiy convenient by night, foi placing the maik at an 
accessible distance, and foi illuminating it, when piopci pillais haie been elected foi its Arm 
suppoit. That no doubt may lemain, with lespect to both liansit-mstiuments being in the 
tiuc meiidian, the Astionomer Royal pioposcs to make obseivations on the passages of the 
same stais occasionally, by both the instiuments used at the same moments foi as the smallci 
telescope has an object glass of font feet focal length, it is quite competent to affoid accuiate ob¬ 
seivations, and foi this pm pose has lecently been fitted up in the southcin opening of the ob¬ 
servatory. The pi inciple, on winch the cioss lines of the small telescope become visible thioiigli 
the large one, is the same, as when the colhmatoi is used, which will be dcsciibed heieaflei, i. o. 
the rays'of light, coming fiom the cioss lines of the small telescope, become ^ar«//eZ after then 
passage through its object-glass, which is turned towaids the laige telescope, when used as a 
jmextdian mark. 
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TABLE A 

AZIMUTHAL EIllIOll OF 'J’lIE TUANSIT-INSTllUMENT 


\rgamciil3 Polni Distnnce of llie Iligliei Stni al tlio Top oj llctloirij nml a'—A at tlic Sale 
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TABLE A 

AZIMUTHAL ERllOIl OE THE TIlANblT-INSTRUMENT [Concludid] 

Aigunicuh — Poliu Djhtniicc of tlie Higher fetai at the Ion ami Bottom, and A — A at the Side 
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§ LVIII. ON THE ERRORS OP THE TRANSIT-INSTROMENT, IN CONNEXION WITH 

A CLOCK OR CHRONOMETER 

1 When a tiaiisit-insliumcnt has been placed in the inciidian, and caicfully adjusted by any 
of tlie methods above explained, the poimaiicncy of its position and adjustments cannot be 
confidently icchohcd u])on m any climate on the globe, foi any numbei of months, oi even 
weeks, but as the oidinaiy obscivatioiis will geneially fiiinish data loi computing the col¬ 
lections duo to any dciangcment, ol which the natiiic and (luaiUity aie ascoitainablo, it be¬ 
comes an impoitant coubidciation with the obsoivei to bo able to leudei all his obscivations 
available, notwithstanding that some of them may have been taken by lus insliuiiicnt not 
pcifeclly adjusted Wc will thciefoie devote this section to the investigation ol such coiioc- 
tioiis, as may be made applicable to obscivations winch must othoiwisc have been iejected, or 
which would have vitiated a icgulai senes, if lulmilted. 

2 'When the axis of a tiansil-instiumenl is placed hon/ontally m the tine dncction of cast 
and west, it may be consideicd as situated in a plane paialiel to the cquatoi: mul when Ihoic 
IS an 01101 in this position, it may ai ise fiom cithoi of two causes, the axis may not bo perfectly 
paiallel to the cquatoi, oi its duection may be out of the hue that is tally cast ami west, as it 
legalds those points in the hoii/ou. Let the mchualion of the axis of the insliumciit to the 
eqiiatoi, incasuicd upon an houuy ciiclc, he denoted by the chaiactoi d, and lei the angle winch 
its pi ojectiou on the equatoi makes with the cast and west line be called 6, as mcasut ed on the 
cqUcUoi , let the fiist angle n, he taken positive, when the axis uses above the equatoi on the 
eastcin side, and negative on the weslcin, also let (he second angle 0, ho laLcn positive, when 
the piojcction of the easlein end ol the axis on Iho equatoi (alls lowaids the houth, and negative 
when it falls towaids the noilh then il wo call I the sideieal time ol a staiN passage ovei the 
middle WHO, oi spideiS line, of the lustinmeul, the appaieiit light ascension, of such atar, 
on account of the two cuois, will be cxpiosscd by the fbiimila 

JK = I — D — /I tang 
wheio ^ icpicscnls the slai’s declination 

3 Anothci ciioi may exist in the obscivalioii, aiiMiig fioip a want of poifccl collimation 
in azinnilh suppose the line of collimation to mivLeaii angle of 90’ i c with the eastcin sido 
of the mslinmcnt’s axis, the passage of the stiu over the middle wuc will be iciaulcd on ac¬ 
count of this CHOI, by the quantity c sec. ^, and the appaicut light ascension in this case will 
bo given by the foimula, 

At = / C — n tang J - c sec 

This foimula howovci supposes that wcknow the exact sulci eal lime of the passage, which is 
seldom the case when the instiumcntis not in due adjustincnl if thoiefoie wo put t foi the 
obaeived time by the clock, and lepiesontits ciioi (/—yil)bye, taken positively when the clock 
is fast, then w'e must substitute (/ — c) toi t, and the complete foimula, which will give the ap- 
poicnt light ascension of the stai, will be 

Mzzl — e — tang ^ ~ e sec 
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When this equation is applied to the lower passage of a ciicumpolai stai, let t be di- 
nainished by twelve houis, and for 5 let the supplement of the declination be taken, 
If we suppose the quantities e, (d, and c to be unknown, we may deteimine them by the ob¬ 
served tiansits, over the middle wiie, of three diffeient stars of known right ascensions , but in 
this case (— e — S) constitutes a single unknown quantity, hence it is impossible to separate, 
by observations alone, the erioi of the pi ejection of the axis on the equator, fiom the error of 
the clock. With lespect to the eiioi 0, the ohscivations of the successive stais may be com¬ 
pared to such as aic made by a telescope mounted on an cquatoiial axis m due adjustment, and 
making an lioraiy angle 0 towaids the west • all the observations would m that case be mu 
tuSlly compaiable among themselves, if we were to employ (e + C) as the eiioi of the clock , 
but the tiue lioiaiy angle, xinclei which they were made, would still lemain unknown. 

4. Tho piocess for dctei mining the three quantities (e + i)),and c, in the preceding 
foi inula ( 1 .), by means of the obseivations of thiee stars of known light ascension, will be nn. 
deistoocl fiom an inspection of the following example. On the evening of tlio 15tli of July, 18S6, 
the passages of the three subjoined stais ovei tlie tiaiisit-instiumciit wcie ohseivcd as stated m 
the subjoined register, vif!. 


Names of tha 
Stnijs 

1 

Tunes of tlioir 
TmnsU*? 

Apparent Kight 
Asconsious 

Apparent 

Declinations 

n Ophuicln 

17 ” 1 ™ 2’.08 

17 " 0 " 29 h 82 

- 15" so' 

a Ileiculis 

17 7 19 84 

17 6 4 G 44 

+ 14 3G 

y Diaconis 

17 53 10 .52 

17 62 37 .33 

+ 51 31 


In these observations the rale of the clock is supposed to lemam mialteicd for an hoiti. 

By substituting these values, or the quantities deduced fiom them successively in the preceding 
formula, we shall have 

lyk = 17'* 1“ 2’.08 - e - (I + 0.277 - 1 • 038 c 

17 6 4G .44 = 17 7 19 .84 - e - ^ - 0 .260 - 1.033 c 

17 52 37 .33 =; 17 dfS 10.52 - c ~ ^ - 1 m f,’ ~ 1, 6 O 7 c 

If now we subtract these equations one from another respectively, we obtain 

6"’16’,62 = 6"17’.76 - 0 537 r! + 0.005 c 

45 60.89 = 45 50.68 - 0 998 ~ 0.574 c 

01, ' 

0.537 ,'^ 0.005 c = 1M4 
0.998 ,' + 0 .574 c =; - 0.21 

Xict 118 multiply the first of these equations by 0.574, and the second by 0.005, and add the 
products togetliei, when the sum will be 

0,313 = o'.ess 
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winch gives 


= 2'.09 

0 313 


This value of t), being substituted m the second of the two preceding equations, atfoids 


from which we deduce 


0 574 c = ~ 0 «I ~ 2.09 = - <2 30 



2 SO 

0 574 


4*.01. 


Put now those detoimined values of >> and c 111 the flist of the above thiec equations, and we 
shall have 

17’'0’"29’.8g = 17''1"’S‘.08 ~ e - 6 + 0\57 h 4*.iG, 

which equation gives c + ^ = SO* 99 foi the 01101 of the clock, including the ciior from the 
deviation of the piojcction of the iiistiiiment’s axis on the cquatoi Now by substituting the 
deteimiiied values of (e + ff), and c in 0111 foimula (!.)» we have at length 

Til = / - 36* 99 - 2\09 tang J h 4’.01 sec I 

Tins formula will give the appaient right ascension of any obscivcd star corresponding to the 
time, t, of the clock, and to the a 2 )pioximatc declination of the said stai, ns icad on tho cuole 
attached to the tiansit-insliumcnt, as a fiiidci, and, as we have said, all the observations made 
undei the same ciicuraslaiiccs of incoiiect adjustments, will bo compaiablo among themselves; 
but yet we know not hithoito the tiuo 01101 of the clock taken sepaiatcly fiom the euor il, dc* 
pending on a devious projection of the axis ovci the cquatoi. 

5 Instead of oinployiug the collections given by the preceding foimula, it will be moie 
convenient m piaclice, I 0 adjust the position of the mstiument as oltcu as may he found nc« 
cessaiy, which indeed is usual in England. If wo rcpi esent tho bias 01 inclinaUou of tho axis to 
the hoii/on, as dcteimined by a good level, by b, and make it positive wlion tho eastern end is 
elevated, and negative when the same end is depiossodj and if we putufoi tho a/umith of tho 
piojection of the axis on tho hoiizon, counted fiom the castcin point, and make it positive 
when it lies to the south, and negative when to tho noith, these ciiois, b and a, may bo ox- 
piesscd, in function of the foimei Icims ^ and 6, by the two annexed equations, viz. 


b ::s ti sin L + d cos Z 
a = sin Z — » cos Z 

in which i lepiosenls the latitude of the place of observation. These two equations will de- 

teimine the eiiois b and«, when the eiiois t) and 0 aie previously known. And in the inverse 
case we deduce fiom them 


;; = & sin Z - « cos Z 
= A cos Z h «sin Z, 

and these expressions, being substituted in oui foimula (1.) by easy reductions, give 

TR =: # — e — ft cos (Z — ^). see J — « sin (Z ■— i), see J — c see h (2.) 


6, When thp axis of the mstiument has been icndered tiuly honzontal by the propel ap¬ 
plication of its level, tlic term multiplied by ft will disappear m the last formula, as will also 

X X 2 
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the teim in winch c is involvetl aftci the luljustmcnt foi collimation has been caiefiilly made, 
as we have bcfoic diiccted [§ LVI the foimnla will then become 

jll = t — e — « sin (Z, — $). sec J (3.) 

We have explained in oin last section the diffeicut methods ol dotei mining the deviation of 
the telescope, designated by a, hist by the nppei and lowei passages of any ciicumpolai slai , 
secondly by means of two ciicumpolai stais, dilFeinig neatly twelve liouis in light ascension j 
and thudly by means of a high and lowstui having ncaily the same light ascension 

7, When the tiansit-instiumcnt is adjusted foi colhinalioii and inopeil} levelled, and when 
we know the exact deviation in time of the liansit-lelcscopcN position, we may compute the 
eiioi e', Ol effect that it will have on the times ol the passages of any (iicuiiipolai 01 otlici star 
by the foimiila 

e' = ~ s a cos alt x sec dec (4.) 

± sill A ^ 

in the foimei of which cxpiessions the positive sign belongs to the iippoi cnlniinalion of a cu- 
cumpolar stni, and the negative sign to the lowei passage, The altitude and decimation of the 
stai may betaken neai enough fiom the obsoivalion at the instalment, when the latitude is 
known Let it bo icqiined to asccitaiu what veio the ciiois 111 the times of both passages of 
Polansand /Uisa* Majoiis, 111 the example given in oui last section, taking the deviation fiom 
the meudian towaids the cast at 1’.5 ? 


UPPER PASSAGE OP POLARIS 

c =: 1* 5 .0 ,17609 

Cos (L + A)54*2'. ..9 76887 = cos alt 
Sin A At Co 1® 36 .... 1.55406 = sec dec 


e' = 31’ 55.1 49902 


UPPER PASSAGE OP MIZAR, 

a = V 5 .0 17609 

Cos (L + A) 86" 37 ' . 8 .77097 = cos alt 
Sin A 34° 11' Ai Co. .0 .25089 

■ I"'!" " H I ■■ I 

c' “ +0 157.'. 9 .19745 


LOWER PASSAGE OF POl ARIS 

a =: V.S . 0.17609 

Cos (L A) 50° 50' (01 cos alt) 9 .80013 - 
Sin A Ai CO (01 sec dec). .. 1.55406 

^ II I ^ 

e' = - 33*.93 . 1 .530.58-. 

. 0''59"'29’ 

+ 31 Gii 
1 0 0 55 

— S3 93 

12 59 29 .4 iicaily 
12 .58 55 .47 

LOWER PASSAGE Ot MIZAR 

a ^ V 5 .0 17609 

Cos {L — A) 18° 15',. 9 97758- 
Sin A Ai Co .... 0 25039 

e' — 2’.535. 0.40406— 


At of Polaiis by Naiit. Aim. Jan. 1, 1827 • • • 

The ciioi ausing liom the deviation . 

Obseived time of the uppei passage . . 

The Cl 101 at the lowei passage. 

Appaient time of lowei mendian passage by Naut Aim . . 

Obseived time of the lowei passage .... , . 
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/II of MiZai, Jan. 1,18^27, by Naut Aim. , 13''16"'58‘ 

Euoi e'at the uppei passage. . ■ . .. + 0.16 

Obscivedlimc of passage above .... ..... , . 13 16 58 16 

Eiioi e' at tbc lowci passage. . 0 .. 5 + 

Obscivcd time of passage below. . . , 1 16 55 . 4,6 


7'liese all accoul with the obsoivcd limes given in the last seetion 

8 . When the instiament is tiiily placed in the mcudian, and piopoily adjusted foi collutia- 
tion and lionyontality of ils a\is, (lie simple ddfeieiico between the obsoivcd tunc of a .stai’s 
passage and its appaient light ascension, computed fiom the best tables, {t — /II) is the eiroi, 
e, ol the clock, and willbcjj/ia 01 mma accoidingly as the obsoivcd time c^ceeds 01 falls slioit 
of the appaiciil light ascension in the picccding example wo have supposed the clock to have 
no such eiioi, viv ((— /It) = 0 , 01 Ihiit it is allowed foi in the obsci vations, but otherwise 
tlieciioi aiisingliom the going of the clock, compiilod fiom the latc up to the moment of the 
stai’s passage must be inciciised 01 diminished by the eiioi aiismg out of the position, as given 
by oui fbimulii (4.), and the whole ciior denoled by e will bo, in this case, 


e 


W ^ ^ 

to the second day, but in the latlci, thciato will bo^^ 


~ whole / and At be 


(/ — At) d: e', and its conccliou = (At — <)+;/* 

foi it must be lemembciod, Ihaloveiy eno}, whether aiibing Aom the going of the clock, 01 

fiom a deviation m the position of the msluimenl, and its coiresponding coirecUon must have 

opposite signs. The lale of the clock is its daily gam 01 loss, which is always equal to the dif- 

Icicncc of its ciiois on any two successive daysj 01 to the diffeienco of its oiiois 

taken on two distant days, when divided by the luimbei of iiileiveiling days, in 

the foimci case the latc may be cxpiesscd by (I >— /U) — i^t' — At), whole I' and At' licloiig 

_ y]{) _ (f ™ /It') 

■ ■ 

n 

long to the fust day, t' and Al' as before to the last, and n denotes the miinboi of intci vening 
days, 'riic latc thus cxpiesscd does not icqiiue (he instrument to be placed in the niciuliaiii 
when the ohseivations made to dctciimne it aio confined to one stiu, because the luiifoiniiiy of 
(he caiill's loLation will bung the sUii to any poimanenl voiLical line at the teiminatioii of evciy 
twenty four sidcical bonis, but if the days of obacivation do not immcthatcly follow one an- 
olliei, the appaient place of the stai will allci a little by icason of piccession, abeiuition, and 
nutation, and tliorcfoic racudianal obseivations of llio same stiu, compaicd with its computed 
appaient light ascension, foi each succc.ssivc day, will be piefciable. In using .1 solai clock, 
the same slui should letuin to the meiuhan 3'"55M)08 soonei on each successive night. When 
the euoi of the clock is known by obsoivalion ill a given hour on any day, and also its late, or 
daily vaiiation of its euoi, it will be easy to compute the existing euoi due to any moinent, so 
fai as the going of the clock is conccincd} but the lliice modifications of such eiioj, depend¬ 
ing on the telescope’s deviation, on the inclination of its axis, and on the want of due ad¬ 
justment of tbc line of collimation 111 ii/lmuth, must be cletciininod by our piecedmg foimulm 
lespcctively, and applied as collections of the clock’s euoi (f—/R), 01 c, asoAcn as thec<iusos on 
which they depend aie found to exist, othoiwisc the secondaiy cuois, cleaved fiom the slate 
of the tiansit-instiumcnt, not being corrected, will affect the light ascensions deuved imme- 
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cUately from the simple oi pumaiy eiioi of the clock. Bessel, Struve, and Littiow strongly 
advocate the piacticc of detecting the eiiois of the tiansit-instiument as often as maybe con¬ 
venient, and of icgisteiing them along with the obseivations, that the icduclion may after- 
watds take cogniz.mce of them, in gaming the mean light ascensions As wo have called 
(t—M) the erior of the clock e, and the eiioi in tune deiived fiom the telescope's deviation e', 
we will denominate the eiioi aiising fiom b, the inclination of the axis, e", and the ciior due to c, 
the want of collimation, e'", then e+c' + fi'' + e"'=s will be the amount of all the con ections 
that can take place, except foi the eiiors of obseivation, and, when these aie applied, 
we shall have /ft = / -{- c + e' + e" + e'", oi /ft = / + s. The diffcicnl teims contained 
in 0111 foimula(2,) point out the piocesses by which these vanous collections may be computed, 
when the coefficients &, a, and c, aic known fiom examination, but to facilitate the com¬ 
putations, we have consti acted a table of twelve pages, subjoined to this section, that will 
enable the piactical astionomci to coiiect Ins observations, made by a tiansit-mstuimcnt out 
of due adjustment, without much tiouble oi iisk of committing mistakes, piovidcd a piopcr 
pail of high and low piincipal stais should be found m his evening’s list 

9 The table winch we have computed is denominated C, because it gives the correcting 
tabiilai logauthms foi the thice sepaiale collections, viz. log cos (L-J). sec to be added to 
the logauthm of the coefficient b, log sin (L—)). sec to be added to the logaiithm of the azi- 
inutlinl eiioi «, found by means of oiii table A, in thelast section, and log see S to bo added to 
the Jogaiitliin of the coefficient c. The last of these teims is contained in the second column 
of the two fiist pages of the table, tlie side aigument is the declination of the star in every 
case, and tlio argument at the head may be cithei the sine oi the cosine of (L—o) whicli 
teim denotes the zon disL. *, oi of (L + A), which is the altitude, oi its supplement. The 
diffeiences m each single degico at the right hand side of each page, aio common to all tho 
hoiizoiitai adjacent lines of the same page, and the diffeiences at the bottom aic common to 
all the adjacent numbcis in the veitical columns the fiist sciies of differences applies to the 
declinations, and the second to the aigumcnts at the head, but when the coefficients aio small 
quantities, the dilfeienccs may in goneial be disieg.uded, and in no case will it be ne* 
cessaiy to attend to second diffoicncos, in gaming pioportional sexagesimal paits. The stars 
for winch this table is adapted aie supposed to be obseived to the south in noith latitudes, or 
to the north in south latitudes, in the laltei of which cases the sign of the azimuthal error a 
will be changed, but it will nnswei also foi ciicumpolai stais, piovided they bo at a con- 
sideiable distance fiom the pole, so as not to icquue second diffeiences to be legaidcd in 
taking out the tabular logauthms Indeed if both the stais were ncai the pole, though at op- 
iposite sides, the diffeiencc of then raeudian altitudes would not be laigc enough, to allow of 
then being consideied high and loin) stais of the dcsciiption leqmied. 

10 To explain inoic fully the connexion that this section has with the pieceding one, and 
to give a moie connected detail of the successive opeiations that the young astronomei will 
have to oncountei, in his fiist attempt to take an acciuale obseivation of the tiansit of a star, 
we will conclude this section with an example of the application of a high and low stai which 
We had lately occasion to obseivc, and which will afford us an oppoitunity of conducting him 
step by step to the pi actical application' of the dii ections, which we have attempted to tifford 
him, as well with legaid to the .idjustinents of the tiansit-instiament, as to the enois doiived 
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from tts devious position, and the collections of time ‘uisiiig out of such ciiois. On the 
evening of the 25th of May, 1827, at om occasional lesidcnce in the paush of Islington, in 
latitude 51° 33' ncaily, we had a fuend who was desiious of witnessing the pioccss of placing 
m the moiidian, and of adjusting a new poitable tiamit-instuiment, on a piei that had been 
previously elected in the gaidcn, which commanded both a noitheni and soiitlicni aspect, 
with dwelling-houses at a convenient distance both to the noith and south. The focal length 
of the telescope was only about 32 inches, its apciUue 2,5, and the length of its axis 18 , 
its flame was suppoited by only tliiec feet, foimuig an isosceles tnanglo, and it had five 
veitical paiallel spider’s-hnes, and a stiiding level foi the axis, as well as a slioit adjustable le- 
vel made fast to the veimci-bai, that cauicd two opposite verniers, leading to the acciuacy of single 
minutes, on a ciiclo of 7.5 inches diamelci, fixed on one of the pivots of the axis. The ni- 
stiunicnt Avas well made, and had all the icquisito appendages foi complcUiig the adjustmoiUs. 
A pocket cliionometei, beating qnaitcis of a second, was put neatly to the tune given by the 
church clock, which scUloin diflbis moio than Aoin one to two mnmlc.s fioni Gicenwioh tune. 
The pole-staTs lowei passage, accouling to the Nautical Almanac, was computed to be at 
12” 59"'4‘3* of sidereal lime, winch was equal to 8” 4.!)"' 5'.7 soliu time (Vol. 1. p. 33 k), the sun’s 
complement to the equinox being then 19" 54'" IS'.O, and the equation of time •— 3"' 28''.7. 

11. The instillment was earned and placed on the piei more than an hour boforo the ex¬ 
pected time of the pole slat’s passage, to nfibid tunc enough for preparation. Tliieo snmU 
clock-wheels without aibors, bid having their teeth cut, and a hole in Ihccoutie of each, woie 
placed on tho pioi to xcceivo the feet of the stand, which was of cast non, similar to the one 
we have desciibed, except as to dimensions. Thociosshues at tho cyo-piecc wcic found lobe 
0.2 of an inch out of the focal point of the object-glass, and the Ys of tho level woio »e 
formed, that the place of tho bubble was at the same end of (ho axis befoic and iifloi lovcision, 
and theicfoic icquircd adjustment, by sci.ipaig with the back of a. pen knife, aftci scveial 
trials, but at length it was rcndeied capable of being icvoiscd witlioiil nltoiing the station of 
the bubble, and the pivots of the axis woio also found to be alike. The same piocess made 
the axis hoiizontal at tho same tunc, by means of the thud or single foot-scicw, which was 
altered a little at each levoision, afiei the piopci Y lud been setaped, The telescope Avas 
now pointed to an accidental small niaik in a brick of the house to the noi Lli, which bisected 
the middle line, the bubble of the voinier having been piovioiisly put to its zero , idlci tins 
an elevation given to the telescope showed Unit the paiallel lines wcio already tiiily veitical, 
by the middle line continuing to bisect tho chosen mark j the hoiizontal line was then brought 
to bisect the same maik, the telescope having now a diminished apcrluio to lender the iniu’ik 
cleally visible, and the exact altitude was lead on both the opposite vermcis, while the cucle’s 
bubble icmaincd unalleied by means ol its clamp . the axis of tho telescope Avaa then levcisod, 
end foi end, and the telescope again diiectcd to the said maik, which was now seen on one 
side of the middle line, which appealance pioved that tho collimation wanted acjjustinont j the 
mark, however, was again bisected by the hoiizontal line, by means of tlie sciew of slow motion, 
attached to the circle’s clamp, and the vcinieis gave an altitude differing by some miiuitos 
fiom the foiinci leading, one half of tho diffcicnce, as ncaily as could be estimated, Avas al¬ 
lowed foi by the sciew of the ciicle’s level, and the other half by the propci sciews at the 
eye end of the telescope the middle A'eitical hue was also now biought tOAvaids the maik, 
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one half of its deviation by the lioUiiontal scicw of the piopei Y, and the othei half by the 
pan of side scicws neai the cye-ciid of the telescope, appiopuatccl to this pin pose, The tele¬ 
scope was then ictiiincd to its oiiginal position, and found so ncaily in adjustment m all 
the lospects that have been monlionod, that slight altciations and lepeatcd adjiislinenls, in 
the positions a second tunc icvcised, completed the piepaiatoiy woik, and put the iiistiuincnt 
into a state fit foi being used 

12, By this lime the polc-stai iiad become visible to the naked eye, and the tclesco])e was 
theiefoie elevated to 4'9’ 53', and the whole fiame luined loiind a little, by sliding the two in¬ 
dented small plates undet the two foot atone end, till the stai was in the field of view, when the 
axis was again levelled As the stai was now in the intcival next to the middle lino, and ap- 
paiently to the light of it, it giadnally appioached this line in its lowoi passage, and the hoii- 
?ontal sciew of the Y, that allcis the a/amnth, had lange enoiigli to kec]) the stai on this line 
till the chionomctci iiulicntod 8*^ 49" fi’, when the iiistiumcnt was siiffoicd to icmain, on a su|)- 
position that it stood neaily in the meiidian , betas the clnonomotei did not give the tiino 
couectly, it was expected that thcie would be a ccitain deviation, whicli icmaiiicd to bo dc- 
tci mined by subseqnont obsci vations. 'fwo of the snppoi ting small wheels, oi plates, weie now 
cemented to the stone cap of the piei, by a composition of pitch, bees wax, and fine buck-dust, 
by means of a heated lod of non, which made the liquified substance fill the vacant spaces be¬ 
tween the teeth, and foim a boidoi all loimd thou cncnmfoionccs, that picventedall disloca¬ 
tion of the insluuncnt till finthoi obsei vations had been made 

13, Aftci the mstiumcuL had been fixed m the meadian appioxunately, the sky became 
paitially obscuicd by passing clouds, but aftei waiting upwaids of an hoiu, wc had an oppoi- 
tunity of obscivmg s Boolis and Libiic, winch wcie seen family thiongh the thin clouds, 
and on tinning the object end of the telescope ovci towaidstho south, the loimci was ob¬ 
sei ved to pass, on t<iking a mean of the five linos, at 10" 24" 11' G5 and the lattci at 10" 28“ 
7’.5 solai time by the chionometei. These tunes wcio conveited into sidcieal tunes by the 
usual piocess, by moans of oiu table above lefeiiedto, in the following mantici, vi/ 


e Bootis . . 

♦ 1 

10* 

24" 

11’ G5 : 

Libia} 

• 4 

. . 10" 

28’" 

7‘.50 

Equation m tins 

case 

. + 

3 

28 .70 




3 

28.70 

Appaient time 
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. . 10 

27 

40 35 



10 

.31 
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19 95 

Comp, to Equinox . 
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64 
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35 
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s Bootis ill by Naut. Alin . . . rsH 87 38,91 
«* Libiee JR' ....... 14< 41 23.04 

--- 1 ! ■ » -pM-■ I -^>1 1 11 ! M 

m-m'oitf/R , . . sub. *- 3 54.13 

. . . — 3 56 .49 (brought over). 

*. . .... . ■ . . . 

d t—d JR . . . . . — 2.36 

If the quantities d i, and d TR thus obtained had been alike, the instiumcnt would have been 
found piopeily placed m the meiidian, supposing tlie axis hou7ontal, and colhination perfect, 
but as they weie not alike, we must now deleiinine the azimuthal ciioi of position, and 
thence the eiioi e' depending on it, accoiding to oui foiinula exemplified in the last section, thus, 

dt-dJRr:: ~2'.30 . 0.37291 


Sin A 62 ° 12 ' 8 Bootis.*, 9.94674 

Sin A' 105 19 Librm (Comp.) . 9.98429 


Sec Z,, 51° 33'. 10.20633 

Coscc (A'—A)43° 7' . ..... 10.16527 


Azimuthal ciioi - 4*.7S7 . 0 .67554 towards the west. 

Then to gain e the ci 101 in tune due to each star, we have (formula 4 .) 


e Bootis a = --4.737 . 0 .67554 ~ 

Cos (L+A) 113° 45'= 66° 15' 9.60503 

Coscc 62° 12' (A) . 0.05326 

c'= - 2.157 ... . 0 83383 - 


Libiffi a .0 .67554 - 

Cos (Z,H A') 156“52=23° 8'. 9 9G3C0 

Coscc 74” 41' (A') .... 10.01571 

1-'= -4.517 . 0.65485 - 


Now foi e Bootis wo have /—Al = e 



And the whole eiioi s = e + e' 


. = ~ Q"* 24’ 050, Libi 1C Es — 2"' 21 '.690 

= — 2.1,57 = 4 , .jyiy 



= - 2 26.207 = -2 20 207 


llus last quantify, s, is the ciioi of the cluoiiomclei in sidereal time, and as it cotnes out the 

same fot both stais, it piovcs that oui compulation is coirect, 'fhe chronoinctci was, ihcic- 

foie, put foi wauls just two minutes. Let us now see what our tables A and C will give, to 

save us the tioublc of iigid computation by the foimnltc In table A, with lugmnent sin 62® 
at the head, and 43“ S at the side, we have, 

The tabulai number , . 0 O 970 

Then add log coscc L 51° 33' 0 .1061 

Also log — 2 ’36 = d Al . , 0 S 729 — 


To obtain the deviation, a=z —4*73? 
Table C, cos 66° at tlie head (i + A) 
At the side 28° (J) foi e Bootis , . 

Neaily as above, viz. e'= —2’ 18 . . 
vor, n. 


0.6755 -. 

9 6633 ^ 

IS O’) , 


. 0.6755 - 

■} a .9791 



Y Y 
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14>, With lespect to filing a nldiidikiti nmik fiotn the' azimuthal erroi, which we have now 
obtained, we had no miciorrietei at the eye-piece of the telescope before us, noi scale at cither 
of the walls to the noith and south ; but wo had ceitain intcivals between the veitical spi¬ 
der’s lines, to which we had the means of assigning a value, artd then we obtained a fac¬ 
tional pait of such value, which, by the aid of estimation of the eye, was substituted for 
a scale, We have not heic given the exact tunes of the two passages ovci each of the five 
spider’s lines $ but on lefeience to oui regislei, we find that the mean value of the foiu inter¬ 
vals by e Bootls was dad da w* Libias was seen only at tlio two last lines, and had the paSv 

sagd dt the tihddle hhe inferred, this mean interval must, for the piesenl, be considcied as 
the tiue oiie • tllen te find the fiactioiial part of the equatoiial inteivah wo liave 

S0‘.S5.1.48216 

Cos. 3 of s Bootis 27“ 48' . 9.94674 
.-4'.737^ai CO . ... 9.32450- 

668 . . , . 0 . 7 ^ 340 ^ 

Hence it appeals that Hie ai^lmtithal deviation towards the west was between Kh and -Jth of an in* 
tcrvalj which fiactionalpait was aftci wards adjusted by esiunation on a buck of the soutliwalh 
by moans of the hoiizonUl scicw of the propel Y* and in this way a poitable instiument, 
earned on shoio fiom a vessel, may bo placed on a rock, oi other solid suppoil, and be ncaily 
adjusted at the fiist subsequent passage of the polc-stai, and then inoie couccUy by a pan of 
following high and low stars, so as to gain fiom them the coucct time at the place of obscj-^ 
vatton. If the azimuthal cuor alone had been the object fbi deteimmation, the solai times of 
passage, of the high and low stais, would have boon sufficient foi the piupo&c, without con¬ 
verting thorn both into the coiiesponding sidcieal tunes foi the given day, by simply applying 
the accefera^^on to the difference of the solai limes j which would at once give f, thougli 
we SlVduld not have the absolute sidcieal times t and f themselves, m this case wo had 

% Bootis passing at . • . 10’^ 11 65 

at.10 S8 7 50 

Diffi. . t ♦ 3 55 85 

Acceleration • « . 0 *64* 

d exactly as before * = 3 56.49 

but 111 this way we could not have obtained the chief eiioi Al, oi f —/R', because neither t 
not f would have been known, without computation. 

15. If, when the obseivations of e Bootis and Libiaeweie made, the level had detected 
an error m the inclination of the axis towards the west, the enoi m the time would have been 
an "Additional quantity for each stai, which quantity may be obtained cithei fiom the term 
h . cos (L -4 i) , sec 5, 01 firoiri the table. Suppose the level had shown the inclination to be 

1* 75 , atisitig from the formula befoie explained [§ L. 11 ] ^ — (<? + obtained fiom 

the level having, both before and after reversion, its bubble rising to the east^ m the observations 
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of these stars the times would have been affectedhy Ihe eifoi e" thus ansingj fop acpordujig to 
the fbi mula, we shall have 


Foi I Bootis. 

. 1.75 0.24301< 

Cos (Z, — 5) 23° 45'. .. 9.96157 

Secant J — 27° 48' . . . 10.05326 

I. ■ 

— l‘.811=;e". 0.25787 


For «* Libite. 

5 — 1 .75 .0.24304 

Cos (Z - 66° 52'... . 9 .59425 

Secant J — 16“ 19'. ... 10 .01370 

c" = 0’.709. 9 .85099 


It IS evident fioin these deductions, that the effect of an inclination of the axis is gientei on 
the time of passage of a high star than of a low one, indeed so much so, that the inteivals 
(■— 7R, and l' — 7R', must bo visibly affected by it at the moments of taking the ob¬ 
servations. In using Table C foi obtaining this cuor, we must cntci il thus, viz. 


Foi £ Bootis. 
Cos 24° at the head 7 
and 28® at the side j 


1.75. 


* * 


0.0148 
0 .2480 


1‘.811 = e 


// 


• « t • « • 4 


. 0.2578 


Foi LibiBG. 

Cos 67 ® at the head 4 . 

»nd IS- .1 the .ido f S‘W . . 9 .C070 

~ 1 .75 . 0.2430 




0’.708 = c". 9 .8500 


Also if the eiior of colliinalion, c, had been towaids the east or West, a given quantity, say 12" 01 
O'.8, the value of e"', the effect pioduccd on the tunc of e Bootis, would have been 0.8, see $, viz. 


0.8 . . . 9.90309 

Sec 27 ° 48'. 0 .05326 



± 0’.904 




which ciroi e'" will bo 0’.906 fipm using 28® as an argument in tlie second column of the fust 
page of Table C. 

16 The criois c' and e", ansmg from Ibo deviation of the telescope, and inclination of its 
a^tis, ,may also be obtained 111 natuial numbcis fiom oui long Table, XVIII, at pages 47—91 of 
oqi first volume, if the mulA distance be substituted foi the altitude as an aigiimcnt, in taking 
out e, and if the aUtlude be made the aigumcnt in the latter case for gaming 0 ", foi the table 
IS composed of mnltiples of the sines only, but may be used foi cosines with the complements 
of the given angles. The columns numbcicd 1 , 2 , 3, &c. at the head of each page, must .b® 
used foi the nniiibcis belonging to the azimuthal ei’ioi «, as the second aigument, in the way 
that the table is used foi giving the abeiiation or nutation, by means of the kpown constant. 
Tins application of the table extends its utility, and will be undcistood by a lepetition ,of the 
examples wc have alicady given, wheio oui new Table C was used. The difference in the con- 
stiuction of these tables is, that the Table C, contained in this section, includes the secant of the 
stai’s declination in the tabulai loganthm, and requucs the logaiithm of the deviation a to be 
added to it, wheieas Table XVJII, in the oUioi Volume, includes the natuial numbei denoted 
by a, but not the natuial secant of the deohnation, winch must tlierofoie at all (times be applied' 
as an addiUonal factoi, to obtain the leqmied prpduct. In the 6 xamp]& 2 f ® Bootis, wheije a is 

Y Y 2 
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given =: '1)*.737, the argument foi the zenith distance is 23“ 45', or in the table O 43* 45', wliiah 
gives 



I * « • 


I « » 


•7 . 

04 . 


f f • 

* • * 


1.611 
282 
.16 


s 


1.909 X 1 13 (nat sec 27° 48') = 2’.157 = e‘ 


For tt‘ Librse, ivith zenith distance H 6° 52' we have 


4* 




* t 4 


7 . I. . 

.04 »*.•.. 


. 3 679 
. 644 

37 


Sec 15° 19 '. . . . 

Also for e" of s Boohs 
s 

Arg. II 6° 45 = alt, and 5 = 1 .75 

1*.7 . . . 1 .557 

.05. ... 46 


. 1.036 X 4.360 = 4*.517 = e'. 

And of a* Libim 
s 

Aig, 028*8' = alt. 

1* 7 .... 6,079 
.05. , . 19 


Natsec^27*4S'(=:1.13)x 1.60S = r,8n=e". 


Sec 15“ 19' ( = 1.036) x 6.698 = 0’.69S9=c'. 


17 . On the 2d of June, the evening being fiee fiotn clouds, aflci we had turned the object 
end of the same telescope to bisect the point on the wall, which nowfoimed the mciiduin maik 

towards the south, we ogam obseived the same stars, and deduced the following icsults, which 
may be put down m an abridged form thus: 


1 soijA.n mm 

SID, 'riMh 

Al 



t Bootia 1 0 60 41 0 

14 3D 2 13 

14 37 28 00 


-1-6,731 

ie.^ Libroe 110 0 32 0 

14 42 63 44 

14 41 23 05 

ss+a 00 

rt=-t-5 781 


e or (I— Al) — 27 

eor(/'—/R')=:+l 30 30 


e — +2' OJ 
t'=+r) 01 


Hence we have « = + 1'"35*.9 as the whole eiioi of the chionomctei, whcthei we take it =: 

(f Al) + e', 01 = (f — M') + (?', as they legaid the lespective stais. The accoi dance of 

the two IS another proof of the conectness of the method. If we compaie the eiroi of the 

chronometer, now obtained from these last obseivations, with that derived fiom the obseivations 

of the same stais, taken on the 25th of May, we may deteimine the latc of out clironoraetei on 

a mean of eight days, supposing its perfoimance to haVe been unifoim duiing the whole 
inteival, 


On May 25 the chionometer was slow by . 
On June 2 it was fast by. 


The whole gam, if the indication had not been altered 
Deduct two minutes for the clock being put forwards . 


2''’26\207 

1 35.900 

4 2.107 

2 0.0 


One eighth part of the gam in eight sidereal days is 
Or in mean solar time (by Tab. at p. HO. Vol, I.) . 


8)2 2.107 

p i l ■ I I W I ll 1 % ■ ! 1.1 ll 

. + 15.26 
. + 15.22 
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We have prefeired giving the detail of oui obscivations made by a poi table tianfeit-instiument, 
m the (Iiffcient positions, with then coucsponding eiiois, in connexion with a clironometei 
ratiiei than with a sideieal clock, because such instuimcni will gencially icqviue to be treated 
m the way we have heie desciibcd, when placed in a iempoiaiy situation, oi used as atiavelhng 
instiument. Wc shall howcvci add an cxamjile, in which the observations of a high and low 
star may be applied to deleiinine, by similai computations, the gam oi loss of a sideieal clock 
in a given mteival, and consequently its late deuved ftom that intcival. Wc have seen that 
the chionotnelei made use of was fast by 1“'35'.9 on the evening of the of June j a clock, 
which had been suffeied to go down, was wound np and put to the said chionometoi, aftci de- 
ducting one minute, i. e. it was put m motion and made to indicate sideieal tunc too fast by 
On the 10th of June an oppoitumty occuned of obaeivmg ti Uisic Majons and Spica 
Viig^nis in succession with the same poilable tiansit-instiument, diiccled to the meridmn-mark 
of the 3d of June, and adjusted foi the hou/ontality of tlie axis, as well as foi colliination , 
the cliionometci being put on this evening exactly to the solai tune coucsponding to the 
sideieal tunc of the clock, and being used to tuuismit the tune fiom the plllai out of doors to 
the clock within, at the tunc of each obscivation: the following deductions wcic obtained from 
two ob&eivations made under these ciicumstances, which prove that tlic mondian maik 
was veiy neaily in its place, by the small value of a, which logcthei with <?', tlie coiresponding 
eiroi of position in tunc for each stai, were computed by the piopcr foimulas , oi may be ob¬ 
tained fiom the Tables A and C, as wc have directed j viz. 


Spica V irg 

SID 'IIMI, ; 

la'' 01 

Al 

13''10'" ft'36 


«=:-!• 033 

lcor(l-Al)=;ai*60 

c'=:--0'07 

i 

fZZ+HO* f)9 

n Ursftt Mm 

13 41 0 04 

! 

18 40 46 41 

Oft 

«=:~r008 

c m (l'~ AI'}=;20 03 

C 0 1 



Then wc have June 2, whole eiioi of the clock g n: +.3.5',S)0 

10, Ditto g =3 + . ... ao ..59 


Therefoic the clock lost in 8 sidereal days. . 
One eighth pait of which is the daily into s =:, 


15.31 
1.913 
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COHRECTIOKS OF TPIE TIME EEPENDINO ON THE TELESCOPE'S POSITION 











00 







15 * Sine, 


0 9408 0.01020 00500 1430 0 10180 2807 

.9404 0108 0000 14371 lOMi 2308 

9106 .0106 ()«62 ,1430 1940 2400 

tOaOO 0108 0805 144 $ 1040 2403 

041 J; 0203 0870 1447 1054 2408 

0420 , 0209 Sm 1458 1960 2411 





0 0024 

<0032 

0042 

JO 064 

0Q67 


0 ooaa 

OQOq 

on 3 


8,0400 0 9427 9 02109 00830 1460 

0460 j ,0435 0224 0801 14(}8 

0470 l 9145 0231 0901 1478 

0400 ' 9467 ' .0210 .0013 1400 

,65081 .0170 Moi] 0926 1603 


9 3 X 700 35210 8837 
3180 3522 8830 

3102 1624 31 U 0 

3105 3527 3843 

8100 3632 3840 

3100 3630 3854 



.4147 


11 

12 

13 

14 
16 


10 0 0172 
17 0101 
10 osio 

10 0243 

20 ,0270 



0 72090 3617 
7204 0532 

7301 0640 

7310 0667 
7339 0587 


0 6000 0 7 
6022 
.5040 
6071 


22 

23 

24 

25 


26 

27 

20 

20 

30 


31 

32 

33 

34 

35 


36 

37 

38 
30 
40 



0601 

0640 

0502 

,0025 


0 0660 0 3008 
0716: 3134 
0704 3103 

0014 3233 

0066 8285 





9 0273 
0200 
0305 
0323 
0313 


iiiwiio; 


0 <)S 6 

0072 

OOUD 

1010 




I) S3080 85150 88010 4154 
9211 8569 9800 4102 

9221 0)08 8870 4172 

8289 9575 9801 4184 

32401 .3588 8004 4107 


0 2478 9 2887 0 9200 0 3002 0 90180,4211 

2090 2103 2002 3275 3017 3033 .4220 

2050 2510 2010 9202 8034 9060 4219' 

2074 .2520 2087 8'110 30.52 3008 ,4201 

2001 2518 2057 3330; ,8572 3080 4281 


8 0576 0 08010 1081 
0507 0380 1053 

0021 0410 1077 

0040 .043.5 1102 
0078 .0402 1180 

0 07010 OtlflO 
0731 0520 

.0703 0662 

0700 0505 

0880 OOlO 


8 70al fl 8000 0 0800 0 0665 

j 7080 8037 0004 000.3' 

.6009 7720 0070 .0040 0712 

0010 7770 0018 0006 .0774 

,0063 .7813 00010 0028 0017 


0 0072 0 0801 1 
0118 01107 

0107 0060 
0260 0217 1000 
0302 0260 1068 


2137 

2101 

2180 

2213 



0 336X 9 1003 
3373 ,3716 
3307 37.19 
8422 3701 

3410 3701 


0 31040.8477 
3134 3607 

3100 8630 

3100 3572 

8233 3000 



2151 

2200 

2250 

2302 


0 &100 n 8800 0 3200 
2444 2800 0307 
2183 2037 3340 

2526 2970 3380 

26081 3022 ,8131 


9 30000 1175 
2058 3112 8621 

2707 3101 3570 

2767 3211 3020 

2801 ) 3203 3072 



0 .3330 0 0340 8 8108 

3300 0406 8185 

.3464 0403 8223 

36141 0623 0283 

3670 0680 8146 




8014 

3IMU 


0 3084 
4022 
4001 
4103 
4140 


186 9 4428 

106 4489 

107 4400 

230 4523 
204 4567; 

9 4l>9y| 

Amo 

4712 
4706 


n 

21 

2& 

27 

2a 

30 
32 
311 

31 

oa 


0 4900 9 4709 
4od2 4im 
42C6| KiOl 4U04 
4335 4051 4JU4 

4337 4703 4990 


9 17790 2J60'9,2a03 0 3317 0 3720D 4099 0 44410 4767 0 5050 
mu 2413 2920 3374 3733 4160 4408; 4811 610?i 

1891 2171 2070 3132 384J 4214 465G; 4072 6135 

12871 1961 2631 3038 3492 8901 4274 4010 4932 6225 

1349 2010 2593 3100 3664 3903 4330 4078 4094 6287 


0 122 'iO 96410 (1060 8 8410 8 0068 0 0625 9 1414 0 2081 D 20580 31050 3019 0 4020 0 4401 9 4748 9 6069 9 6362 

1209 , 8708 0717 0477 0725 0692 1401 21 J 0 2726 3232 3000 4008 4400 4010 8120 5419 i 

1369 ! 3778 *0787 Ool? 0796 0702 ,1561 2218 2706 3302 37 d 0 4106 4630 4080 6196 6460 ’ 

1431 3050 ,0860 AGIO 0807 0034 1023 ; 2290 2067 3371 3820 4237 4010 4962 5200 660 J 

1506 ,3924 C 033 8093 9941 0900 1097 2301 2941 : 3440 : 3902 4311 ,4001 6020 6342 6085 


Common Biff 3009 1760 1248 967 789 007 677 607 464 409 373 342 310 293 273 
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COREECTIONS 01? THE TIME DEPENDING ON THE TELESCOPE’S POSITION 


TABLE C (continued). 

Arguments S ] at tlie Top. mul Doclmahon at the Side 

(_ For e'' zz cos Zen dial, oi siii ftlt j 


m 



















CORRECTIONS OP THE TIME DEPENDING ON THE TELESCOPE'S POSITION. 
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TABLE C (continued). 


Arguments 


For sm Zan (list, oi cos alt 
For zz cos Zan dist, or si« alt 


^ the Topj and Declination nt the Sulc 



,0355 


0372 


.0300 


0410 


0431 


0453 


0477 


0603 

0D20 

0 

0557 


0507 


.0010 


0052 


OOQO 


^ if /. 






■ - 
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TABLE C (continued). 


Argiunonts 


For e' 
Fort' 


sin Zen diet , or cos nit 
cos Zen (list) 01 sm iilt 


nt the Topt and Declination at tlio Side 


IG" 




10« 


10 “ 



73 


72 



40“ 0 6006 0 0241 <J 0402 0 0708 

47 0006 6321 0602 6700 

40 0148 0404 0046 0871 

49 0231 OtflO 0701 0087 

60 1 0322 0570 6010, 7046 


0610 
0008 
07 U 
0017 


0700 

6004 

0007 

707J 


7007 

7105 

7200 

7814 


7233 

7881 

7134 

7640 


0 0627 0 7103 
7042 7290 

7101 7417 

7286 7341 

7413 7009 



7706 
7001 
.8000 
0180 


7007 

7033 

7086 

0144 


7013 

OOGO 

8241 

8100 


8184 

03.10 

0402 

0041 


0110 

0660 

8700 

0007 


00 9 0310 9 8600 1 0 0007 


0404 

0007 

0800 

6003 


0740 

0023 

0110 

0310 


8001 

0104 

0357 

9600 



0603 07bO 0 00110 

0744 10 OOOO 02(1 

0 0000 025G 0407 

0273 ,0620 0770 


0220 

0107 

0728 

0090 


0802 

1224 

1597 

2000 


1130 

1480 

1053 

2202 


1370 

1721 

2004 

2603 


1006 

1947 

2320 

2720 


0 2100 0 2710 
2867 3223 

8544 3800 

.4211 4407 

5000 5260 



3090 

4267 


7471 

9231 



7712 

0472 



20® 

21“ 

70 

09 



0 0022 

0 7126 1 

7002 

7206 

7086 

7288 

7171 

7371 

7260 

7102 

0 7361 

0 7664 f 

7447 

7060 

7646 

7740 

7040 

7861 

7764 

7057 

0 7801 

0 8007 t 

7070 

8182 

8098 

8301 

0222 

8126 

8360 

8663 



0 8434 

9 0087 0 

8021 

8827 

8770 

8073 

8022 

0126 

0081 

0284 

0 0247 

0 0460 E 

0121 

0824 

0004 

0807 ( 

0707 

0 0000 

0 0000 

0203 

0 0214 

0 0417 ,( 

0410 

0013 

0081 

1 

0884 

0037 

1140 

1210 

1413 

0 1603 

, 0 1700 ( 

UU9 

2022 

2101 

23(P1 

2634 

2737 

2013 

3140 

0 3307 

0 3000 

3004 

4107 

4*un 

4081 

; 6143 

6361 

5037 

0140 

0 0001 

0 7107 

8162 

8366 

9012 

1 0115 

1 2921 

8124 



24“ 25“ 20“ 27“ ! 20“ 20“ 30“ sine 



9 7076 
7766' 
7030 
7924 
0012 




00 C 


9 0000 
0000 ' 
0103 
0210 
0337 


0 0200 0 0138 9 0672' 
0370 0610 8062 

8316 0101 8001 8736 

0401 8647 0007 0821 

0409 0036 8775 OOOO 


7043 

7041 

0044 

8160 


0 0104 0 0270 0 8429 9 0601 

0200 0800 0626 0077' 

0290 0401 0023 0776 

0401 0507 6720 0078 

0507 .0078 0032 0004 



0376 
0491 
8010 
0740 


0660 

0077 

0001 

0920 




0067 

0170 

9300 


9200 

0320 

0462 



0 0007 0 00 
8003 90 

1)001 91 

0104 92 

0270 04 


0 0237 
0377 
0623 

0073 

0034 


,0643 
9000 
00 ll 




s 


0 0000 ,0 01000 0; 

0174 0340 0 

0357 0.623 0 

0650 0710 0 

)1 0768 0019 1 


0162 

0311 


0 0477 
006L 
I 0034 

1027 

1230 



0 0380 
04116 
0014' 
0738 
0800 

1) 0514 
0020 
07481 
0872 
0 0000 

0 0000 
0140 
.0200 
0438 
0507 

0 0184 
! 0274 
0420 
0672 
0781 


1173 

137(1 


0 0277 0 0633 0 0774 0 0000 0 0214 0 0417 0 0010 0 0703 0 00070 1133 


0030 1010 1103 1860 

1077 1200 1434 1000 

1333 1610 1000 1060 

1000 1709, ,1003 2120 


2216 

2667 

2030 

3330 



4300 

4077 

6641 

0333 


4403 

6000 

6727 

0610 


0 2<122 
2730 
3000 
8463 
3002 


0 13i0' 
40.3 
64( 0 
0007 
flOoO 




0370 


5200 

6867 

0624 


0 1730 

0,1804 

i»6« 

.2090 

2597 

2331 

2453 

2687 

2720 

2000 

0.3010 

0 3153 

3335' 

8460 

.3077 

soil 

.4060 

4104 

4460 

4608 

0 4013' 

0 6047 

6420 

6664 

6007 

5131 

0004 

6700 

7468 

7687 


0540 

0800 

3317 



0 7002 

9230 
I 0000 
3000 



220 



VOL. It. 


KZ 


I 










m 

f 
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TABLE C (continued) 


Dec 

'□(* 






Argiimonts T 


Eoi e ~ sin Zen (bit, or (»i alt 
Eoir d' =: cos Zen dist, oi sin alt 


at the Top, and Declination at tho Side 


31" 


32" 


33" 


34" 



m 



41" 


43 



0 7381 a 7476 
7382 7477 


7301 

7387 

7372 

7370 


7470 

7482 

7487 

7493 


9 7286 0 7386 0 7500 
7274 7393 7600 

728 1 7403 7610 

7203 7416 7630 

7300 7428 7543 


0 7888 
7637 
7589 
7602 
7597 
7008 


0 7010 
7018 
7028 
7010 
7063 


0.7323 
7330 
7356 

7373 

739.) 


0 7442, 0 7667 


7457 

7474 

7402 

7612 


7672 

7600 

7007 

7027 


0 7002 0 77919 7093 
7003 77951 .709<1 

7096 7797 7800 

7008 7000 7009 

7703 7006 7004 

7700 7811 7910 


9 7710 0 7818 9 7017 

7721 7820 7025 

7734 7830 7035 

7740; 7848 7047 

7769 7801 7000 


0 7778 '0 7876 
7788 7800 

7805 7907 

782.3 7026 

7043 7046 



0 8266 9 8338 9 8118 0 8106 


8256 

8268 

8201 

8200 

8272 


83.10 

8311 

.8344 

0310 

8366 


0419 

0421 

8121 

0420 

0136 



.8 lUU 
8488 


0 0105 9 0103 9 8270 0 8302 
0113 0201 8287 0370 

803l| 8123 8211 0207 8380 

0013 0136 0223 8300 8392 

8060 8148 8230 8322 8406 




0460 062? 




9 80709 01620 0250 
8086 8177 0206 

8102 8101 8282 
8120 0212 8300 
8110 8232 .0320 


10 

17 

18 
10 
2Q 


21 

22 

23 

24 
26 


20 

27 

23 

20 

30 


31 

32 

33 

34 
36 


30 

87 

30 

80 

40 


41 

42 

43 

44 
46 


0 7290 0 7114 0 7683 0 7040 


7812 

.7830 

7301 

7388 


743(1 

7100 

7406 

7612 


7666 

7670 

7004 

7031 


7070 

7004 

7719 

7740 



0 7050 0 7774 
7080 .7004 

.7721 7030 

7764 7800 

7708 7003 


0 700 
701 
7!M 

707 

aoi 


0 7001 0 7000 9 8006 0 0101 

7880 7008 8087 0183 

.7010 0012 0111 0207 

.7035 0037 0180 8232 

70021 0004 OlOSl 0259 


0 7090 9 0092 0 81910 0287 9 0879 

.0020 8122 0221 8317 8409 

8062 016 1 8263 8340 8441 

8006 0187 0200 0382 0474 

0110 02211 8320 84101 0600 




9 04l0l0 840910 867(1 
0134 
8.(61; 

OlOOl 86101 8020 
8180 


9 83410 0427 
030‘3 8441) 

8307 8473 

0412 0408 
0430 8626 


0 7601 0 7706 0.7021 0 7030 0 0040 9 0166 0 8267 

7019 7743 7802 7977 8007 8103 0206 

7068 7702 7001 8010 ; 8120 8232 0334 

7700 ; 7024 ^ 7043 0068 8100 0274 0370 

7748 7807 7000 8101 0211 8317 8410 

9.7787 :0 7011 0 0030 0 0145 0 0266 0 8301 0 0403 

7038 70671 0070 0101 8301 0407 0500 

7882 8000 0125 0240 8050 0460 8660 

7032 1 8058 8176 8200 3400 , 0500 0008 

7984 0108 0227 8342 0452 0568 0000 




0 07101 
OOOOI 8740 

0000 0770 

0731 on11 

,8706 0046 


E)8t18 

8922 



8 

10 

12 

15 

11 

16 
1? 
18 
90 

9L 

92 

94 

90 

97 

98 

SO 

39 


9 0068 9 8760 0 0038 0 0924 9 0007 

8704 8700 0004 8070 0063 

8763 0046 0083 9010 0102 

0003 0006 8083 1)000 0162 

8056 80<17 0036 0121 0204 


0 8881 i) tt06(i; 
0910 8000: 

0060 0036; 

0000 0077 

0048 0129 


OlOl 

.0210 

0269 

0300 

0301 


0 8038 
8006 
,8163 
8218 
8276 


I 

0 mio 
*8477 

864!> 

8628 




9 B^lOl 0 8890 9 0600 9 8012 
0338 8463 0603 8000 

0396 861L 8021 8727 

8466 8671 8681 8787 

8810 8633 8743 8849 


8 8603 1) 0008 D 6808 

0060 18766 0876 

8720 ,8036 0046 

0702 8007 ,0017 

,8800 8081 0001 




8870 

8920 

8908 

9060 


0 0001 0 0089 
8966 9050 0140 

9024 one; 0204 
9004 9170 0264 

9140 i9238 9320 


0 0010 9 9116 9 02119 9303 
9003 0182 9278 ,0370 

0163 9252 03481 9440 

9226 9324 8420! 9612 

9299 9398 *9494 9586 



0 0268 0 0338 
9316 9306 

0373 0463; 

9433 0613 

9496 8576 

I__ 


9 9660 9 9040 
9027 8707 
9087 8777 
9709 ♦9848 
9843 i 9923 


Com fiArt 

DIIT 


124 liO 


116 


110 


108 103 


83 


27 74 
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TABLE C (continulb) 


Aigumcrits 


Eoi zi sm ZcJi (list >01 cos tilt 
Poi c" r: C 03 Zen dist > oi sin alt 


at tlic Top, and Declination At tlio Side 


31® 


32« 


3a» 


340 


86 « 


30® 


3'J'> 38* 30® 40® 41* 4^1® 43® 44* 45® Siiic 


68 


67 


48 


46 Losin 


# fl 0700 8 8024 0 8948 9 9050 9 9108 0 927 ^ 9 9870 0 9475 9 0671 0 9008 9 9763 9 08879 0020 0 OOOOO 0077 


Com 

mtr 


8780 

0003 

8949 

9037 


8901 

8907 

9073 

9101 


9023 

9100 

9192 

9280 


9133 

9221 

9307 

9395 


0248 

9831 

0117 

9605 


9364 

9137 

0i)28 

9011 


9450 

9689 

9026 

9713 


9655 9061 9743 0831 09170,0000 0000 0167 

43830 9734 9020 9914 0 0000' 0003 0103 0240' 

9721 9020 90120 0000 0080 0169 0210 0320 

9812 090BO 0000 0080 0174 0257 0337 04U 


80' 

83 

80 

80 


0 0120 9 9263 9 0872 0 9187 9 9597 9 9708 9 9806 9 09010 OOOOO 00920 0180 0 €2000 03400 0420 0 OoOO 

0225 0311) 9108 9583 9693 9799 0001 0 0000 0096 0188. 0276 0362 0445 052.i OOOj. 

0323 0447 9560 0681 0791 9897 0 0000 6098 0194 0206 0371 0100 Ot)43 0624 103 

0420 0660 O(JOi) 07!U OHOd 0 OOOO 0102 0201 0207 0»0') 0177 O^m 0010 0720 0B03 

96321 .0060 0776 .0000 0 0000 OlOO 02001 .0307 010.1 0405 0683 0000 .0762 0032 0000 

. ^ L 1 1 * ^ I • ■ . ■ -■ I immL-* -, 1 - . - _ T ■ f ' ^ -1 • **#^**l-*»l I-' I 

0 0000 0 0110 0 0210 0 0310 0 0117 0 0513 0 0006 0 0003 0 07700 03020 00'J2.0.10101 
0116 0226 0331 0433 0532 0020 0720 OOOO 0001 W7 1007| 1131 

0231 0.W4 0160 0562 0061 0717 0030 0027 1013 lOIW^ 1170 12^3 

0360 0400 0674 0070 0776 0071 0003 1061 1137 1 220, IMO 1377 jjo 

0400 0600 0702 , 0001 0003 OOOO 1001 1170 1206 i340| 1420 lOOo 

0 0020 0 0730 0 0830 0 0030 0 10370 1188 0 1226 0 1310 0 1800,0 1402 0 1502 0 1030 

0700 0070 0970 1078 1177 1273 1306 .1463 1630 162- 1702 Vm 

0000 1010 1122 1224 1323 1410 1811 1500 1006 1700 ,1040 .IW -152 

1060 1100 1271 1370 1476 1671, 1003 1761 1037 1020 2000 2077 ijj) 

I2I’7 1327 1483 1635 1034 1780 1022 1010 1906 2070 2lo0 2230 , 


0310 

0447 

0660 

,0060 


0100 

0606 

0(100 

0776 


0700 

0003 

ODOO 


0 0012 0 0766 !> 0806 

0757 0001 0 OOOO 

0070 0 0000 OUO 

0 0000 0121 ,OM3 

0128 0262 0371 

0 0202 0 0300 0 0600 


0102 

0648 

0700 

0060 
r ^i ■ *M«i i 1 1 I 

0 1025 
1100 
1302 
1676 
1770 


0626 

0072 

0824 

0083 


0646 

0701 

0013 

1102 


0 0000 0 0110 0 0210 0 0310 0 0117 0 0813 0 0006 0 0003 0 0770 0 0002 0 0042.0.1010] 

0116 0226 0331 0433 0632 0028 0720 0808 0091 0977 1067 1131 

0231 0344 0160 0662 0661 0717 0880 0027 1018 1096, IWO 12o3 

0.160 0400 0674 0670 0776 0071 0063 1061 im 1220 , 1300 1377 

0400 0690 07021 0801 0003 0990 lOOlj 11701 1206 1343] 1420 IBOOj 


0226 

0.W4 

04(18 

0690 


0331 

0160 

0674 

0702 


1505 


0700 

OOOO 

1060 

1217 


0070 

1010 

1100 

1827 


0070 

1122 

1271 

1433 


1078 

1224 

1370 

1638 


2230 


162 

160 


100 


0,1140 0 1208 0 1803 0 1493 0 1609 0 17010 10090 1000 0 19(10 0 207(10 2102 0 2216 0 2326 0 ^102 ^,4 


1323 

1600 

1090 

1002 


1442 

1026 

1818 

2021 


0 1002 0 2110 0 22,15 
2210 2842 2401 

.2lt>0 2603 2702 

2716 2030 2068 

2900 3112 8231 


1667 

1740 

1033 

2130 

0 2350 0 
2670 
2017 
8073 
8340 


1007 

1069 

2043 

2210 


1773 

1960 
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Though we have given a Table (A) m oui last section, foi the sole pinpose of facilitating the 
computation of the azimuthal eiioi iz, yetoui Table C, which was computed puiposely jfoi 
giving tlie collections e\ e”, and ivill seive inoieovci the same puipose as Table A, Avhen tlie 
mliaal nurabeis belonging to the tabulai loganthms aiemade use of in the computation 

If we put foi the uppei stai (/ - Al) =: <? + a sin (X - sec d 

and foi the lowei stai .... (f — Al') = e + « sm (X - 5') see y 

we shall have by subtiaction (f ^ Al') _ (; _ At) = a sm (X - y) sec y - sm (X - . sec J 

and consequently 

^ ^_ O' ~ 0~M) _ 

sin fX ^y ), sec y — (X — , sec ^ 

Now as fX — ^ ) and (X — aie the zenith distances of the icspectivc stais, and the tabulai 
logaiitliras aiothe sines of those distances united with the log-secants of the declinations i' 
and y wo can take out the sopaiatc tabulai loganthms belonging to sin (X — y),secy, and 
sin (Xi —• y ). sec and subtiact then natuial numbcis, tlio lattci fiom the foimci j and the ic- 
maindei will become the piOiiei divisoi foi the dividend (f ■— At') - (i — At), which quantity 
IS always given in natuial numbcis. The example oi j? Uism Minous, and of Spica Viiginis, 
which we have alioady computed, will serve to explain the application of oui picscnt foiinula, 
and also of Table C, for dotcimimng the azimuthal ciioi, thus, 

Foi Spica Virg. ^ - 10“ 1C', in lat 51*33' zeii..disl.01“ <t.D'= (X -$) 

» UisaeMajoiis 51°1T. 1 e2 = (X-^') 

And (f — M') — 0 At), as given in the example, is = >- O’,93 


BY CALCULATION. 


BY THE TABLE C. 


Sm 6l° 49'. . . . 

« 

. . . 9.94519 

Sec 10 16 . , . 

1 

. . . 10.00701 

Nat. Num. 0.8938 . 


9.95220 

Sm 1.22 . . 

» 

... 8.37750 

Sec 50.11. . . 

f 

... 10 19359 

Nat, Num. 0.0372 . 

• 

... 8 .A7IO9 

Diff. O’.8586 and 

.8586 

=3 - I’.OSS = «, 


Sm 62“ at top 
Sec 10“ at side 
Sin 1“ at top 
Sec 50“ at side 

And —= _ 
8694. 


>■ tab. log 9.9526 = 0.8966 
) tab. log 8 ,4.388 = 0 0272 

f i n II I ■ l l h I IMI ■ Ifa .M ll l 

) Diff. . . . .8694. 

r.081=«, ncaily as befoic. 


If piopoitional paits had been taken, the 
agi cement would have been still neaicr. 




I 
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,§ LIX. THE MOSCOW TRANSIT-INSTRUMENT, BY CARY [Plapl XV] 

( 

I iji 

1* A made by the late W* Caiy, and sent in the yeai 1805, foi the 

obsei'vatoiy at IftloScow, is lepiesented m Plate XV* together with its appendages, and is that 
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which Botiapaitc oitleiccl lo be pieseivcd when that lU-fatccl city was neaily clestioyecl by the 
Piench mmy. The const! uction ot this instiumcnt is so simple, th.it an outline engiavingwill 
exhibit all its pails with sufficient piccision, anil explain a methoil of .uljusting the honzontal 
position of the axis, which docs not seem to have been applied by any othei makei, except 
Ramsden, though it seems well adapted foi insuiing its pioposed puiposc, when the inslunnent 
13 on a laige scale, and peimancntly fixed. Tlie pillais AB and CD aic of solid masoniy, 
ascending fiom a good foundation m the giound, and constitute the suppoits of all the mecha¬ 
nism that is lequiicd foi foiming the instiumcnt, and foi holding it in apiopei state foi use. 
The brass fiame EFGII is made fast to the pilhu A B, and sustains diftbient paits of the 
instmment, ns will be piesontly explained. The telescope IK has an object-glass of six feet 
focal length, and fom inches diamctci, with vaiioiis eye-piccos of diffeicnt powcis, and seven 
wiies m the focus. The lulie tapcis a little fiom the honzontal axis LM, towards both ends, 
but not so much .vs titvnsit-tclescopes ol long foc.il distance and huge apoituio have since 
been made by Tioughlon .vnd othcis 5 the axis, which is foiu feet and a half long, also tapeis 
towaids both ends in a smallci degieo tluin is cuslomaiy .il this tune, but the inakei assuiedus, 
that iio complaint had boon ni.idu icspocting floxiiic of cilhci the tube 01 its axis. 

^ Ne.u tlio end il/of the axis a veiiuei bar is made fast, which indicates the elevation 
of the telescope on .in adjustable scmiciiclo attached to the pillai C D, and caiiying the Y, 
with the usual appaiatus fox adjusting the axis for azimuthal motion, while the pivot at the 
end L xosts on a Y which has the adjustment foi vaiynig the mohnation. The vcitical bars 
Its and It'S, .aie suspended fiom a pali of similar fiamcs, P'and P', made fast to the summits 
of then icspcctivo pillais by the oxticmc ends 11 and Ji! of the double lovcis KQ and It Q, 
tliQ fulcia of which aio honzontal bais icaclung acioss tlio fiaittcs, the icmolo end of each 
of those levels has a joint, Q and (I, lo.ulod, fiom which . 11 c suspended a pan of veilical lods, 
cairyjng counleipoises, descending into cavities made in the pillais near A and C icspccUvcly, 
when the Icvci is honzontal. The bins B S and It'S tci muiatc above with a sciow of steel each, 
passing tluongh the ends of the shoit.vrms of the Icvcis, and a tapped nut with a milled head takes 
hold of each, and connects them with the counlei poises in the pili<ii3, so that when the ciankod 
ond$, Qj. Ys, at then infenoi ends aio applied lo the pivots of the telescope’s honzontal axis, 
the Bciews at It and Ji' may be made to beai any poition of the telescope’s weight, by icgu- 
Uting the cfroct to be pioduccd by the countci poises, while the joints at S and S allow the Ys 
to adapt themselves to the siuface of the cylindnoal pivots. When this adjustment is made 
for taking off a pajt of the weight fiom the adjustable Ys, in which the pivots icvolvc, the 
fiiclion will be so diminished that those cxticme poitions of the piyols on whicli the axis 
revolves will not bo alteiod by wean 

3. As it IS of the utmost unpoilance that the Imo of collimation of the tiansit-telescope 

should move in a cuclc that is liuly vcitical, this instiumoql has two methods of levelling the 

axis, which may be applied at the same time, one of winch may be refened to occasionally, 

and the other may icmam as a constivnt watch on the pcunanoncy of the adjustment, when 

once finished. When a tiansit-tclcscope is piopeily fixed lo its axis of motion by the makei, 

it IS said to bo at light angles thereto by constmction j and thoiefoi’c any contuvance th.vtwiU 

soouie the honzontal position of the axis, is supposed to insuie also the voitical motipn of the 

telescope in altitude, but heie is a sepaiate contuvance foi making each adjustment. The 

3 AS 
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swinging level, which is seen above the pillai C D in the Plate, is made to hang on the pivots 
of the axis, beyond L and M, by its Ys contained m the cranked ends, in either of the 
jeveised pQsitions, and when both the level and axis are piopeily adjusted, the foimei may 
remain suspended fiom the lattei in all degrees of elevation, and so long as the bubble remains 
stationaiy in eveiy position, the axis may be considcied as perfectly houzontal, piovided the 
bubble give the s«irae indication in the reveised positions. 

4<. The second contnvance is not so well known, but may be nndeistood fiom the lepre 
sentation in the %me, by the aid of a shoit explanation. The letters N 0 stand at the oppo- 
site ends of a veitical biass tube, fiunly attached to the fiamc EFGH, befoie mentioned as 
made fast to the pillai A Ji, a. plumb line, suspended from the supeiioi end of the said fiame, 
descends Ihiough this tube, till Us load is immcised m a small vessel of watci below N, which 


IS seen resting on an adjustable stand beneath it, made fast to the bottom of the fiame, and 
which can be laised or loweicd at pleasuic, by a ihiimb-sciew acting with concealed lack-work. 
Neai the uppei end of this tube is a stage oi biackct-piece, T, sciewed to the fiame undci G, 
and a similai one, U, is sciewed to the lowei pait of the fiamc, above H, for leceiving the 
ghost-apparatus to be applied for the exammatton of the plumb line This apparatus is seen 
in a detached state in the Plate, imdei the cye-piccc of the telescope, the oonstiuction of 
whicli may bo iindeistood by simple inspection. When this piece of mechanism is placed 
hoiizonlally on the biacket T, as icpiosentcd below, at biacket its foiked end embraces the 
veitical tube N 0, and the compound microscope, one-half of winch picgects fiom each piong, 
18 so adjusted as to bisect the plumb hue, and then the milled head of the sciew Z, clamped 
below the objcct-end of the telescope, is lurnod round carefully, till its plane comes just in 
contact with the plane projecting end of the piece U, without putting the microscope out of a 
state of bisection j when this is effected by delicate management, the telescope is leveised in 
position, with lespect to tho eye-end, which is now made to take the place of the object-end in 
a vortical line, and the microscopic piece U is leraoved to the lower biacket, and adjusted as 
befoie, to bisect the plumb line iieai its lower cxticmity , then if the head of the sciew Z is 
found to touch the projeelmg-ond of the piece U, exactly as befoie in the uppci sitiiation, the 
plane end of tins sciew will move in a plane paiallcl to the plumb-lmc as it passes thiougb a 
circle of alutude, which it would not do, if the axis of the telescope’s motion weie not truly 
houzontal. These alteinato contacts of the sciew, above and below, will seldom bo found 


peifect at the fiist tual, and thcieioie it will be necessaiy to adjust one-half of the eiioi by the 
said sciew, moved uiwaids oi outwaids as the case may be, and the other half by the screw 
which elevates or depi esses the pivot of the telescope’s axisj a few tiials and coriespondmg 
adjustments by the method of halving the lemaining eiior, will bring the axis exactly to right 
angles with the plumb-line, and consequently into a tiuly houzontal position In the mean¬ 
time the level may continue to hang on the pivots of the axis by its inveitcd Ys, and the places 
where the ends of the bubble lest may bo noted; then if its position be leveised, end foi cud, 
andithe places bo again noted wlieie the ends of the bubble lest, it will be seen whether oi 
not the level is in adjustment, and also whethei any error yet remains in the houzontal position 
of the aXia , a lepetition of the final adjustments of both the level and plumb-line apparatus 
till they a^ee, will deteimine when the tube of the telescope moves m a tuily veitical plane, 
provided it is fixed at light angles to thq axis of motion. 
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5. It seldom howcvei happens that the line joining the tiue optical centie of the object- 
lens, and middle vcitical line, m the focus of the eyc-picce, is at fiist quite paiallel to the plumb- 
line, 01, which IS the same tiling, exactly perpendiculai to the axis, to make this adjustment, the 
axis itself must be levcrscd, end foi end, aftei a distant point, in oi neai thehoiizon, has been 
bisected by the cential veitical wiie, and if aftei leveision the same point is found equally bi¬ 
sected, when the telescope is duected to it, the line of colhmalion will be light j but if othei- 
wise, one half of the ciioi, as before duected [§ LVI. 5.], must be collected by the two 
screws at each side of the eye end of the telescope, and the other half by the hoiizontal sciew 
that gives a small azimuthal motion to the giaduated somicncle, and consequently to the end 
M of the telescope's axis j and by thus halving the on or in alternate levoised positions of the 
axis, the line of colhmation will at last become perpendicular to a line passing tin ough the cen¬ 
tres of Its pivots, provided they have equal diamctcis 5 and this adjustment may he completed 
without deianging the former adjustment foi hoiizontalily. When those two piincipal adjust¬ 
ments aie finished, the lattci will lemain pcimancnt only while the object-glass is suffeied to 
lemain in the same position witli icspect to the tube which holds 1 I, and the foimer only while 
the pillais and paits attached to them aic unaltcicd by accident or change of tcmpeiatuie 

6 . The lantern V contains a lamp, and is placed in a hole cut in tlic pilhu, opposite the 
pivot, at the end L of the axis, wheie a peifoiation thioiigh the pivot admits the light to pass to 
a diagonal leflcctor placed in the middle of the telescope, which illuminates the wiies,as usual, 
in the common focus of the object glass and eyc-picces. This telescope is on a scale of mag¬ 
nitude to admit of an obseivlng-chau being placed under it, and therefore, when so used, re- 
qnhes no diagonal cyc-picce. Wc au> not awaie that any observations made with this instrn 
ment have been tiansinittcd to this country, and thoiefoic wc must leave the icadei to foim his 
own opinion of tlio eligibility of its consli action and means of adjustment Wo must not liow- 
evci dismiss oil! dcscnption of this instiumont, without mentioning a conliivance applied to it 
foi liinilmg tlie light admitted foi the illumination of the wncs m the focus of the glasses, whicli 
IS done by a thin wedge of gicen glass, made to slide ovci the end of the axis between the 
lantern and the apcituro that admits the light into the axis; this gives any requiied shade or 
tinge of gicen colour to the field of view, that is found ncccssniy for icndcrmg the wiies just 
visible, without adiniLling so much light as may occasion the small stars to disappcai. R.ims- 
den, whoso pupil Caiy was, had previously intioduccda similai contiivanccinto Piazzi'a wide. 
The method of applying the wedge is thus, a counterpoise Z, is fixed on a level, whicli moves 
on an axis, as seen in the figure, and at the opposite end of the lever, concealed fiom sight, 
an upiight bai ascends, which tci inmates with a foik cmbiacing and guided by the pivot of 
the telescope’s axis; before this folk the wedge is placed, but so that it may pass acioss the ex¬ 
treme end of the said axis, and inteiccpt the bright light coming fiom the lantern, and modify 
it to suit the puipose of the observer, who, taking hold of the handle Y, passing thi ough a 
tube clamped to the axis of lever X, elevates 01 depresses the wedge as occasion may leqiiire, 
without quitting his place at the telescope. The wedge lapeis fioin the thickness of a half¬ 
penny to that of stiong writing paper, and is six inches long and about an inch broad. When 
the most suitable pait of the green wedge has been biought to inteicept the light of the lamp, 
the counteipoiSQ will sustain it in that stale of elevation, though the handle be relinquished. 
The instrument may be biought into the raeiidian by any of the methods explained in our two 
preceding sections. 
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J LX CONSTRUCTION OF THE GREENWICH TRANSIT-INSTRUMENT 

1 Soon aftei Mi. Pond’s .appointment to the Royal Obseivatoiy, a now titinsit-instiuracnt was 
icquiied, foi it was known to many pcisoiis, that the old instiiiment, slendei and feeble in its 
constiuction, did not dosciibc an acciuato veilical in the mciidian . Ibis was piovcd by obsciving 
slais in the icveiscd positions of the axis, when it was found that tlic lines desciibed by the tele¬ 
scope, in those positions, cut each othei at two cei tain points. Tlnit insti ument was consti iicted 
by Bud, befoie achioraatic object-glasses wcie used foi astionomical pin poses, one of these was 
indeed aftei wauls applied, but so small was the tube of the telescope, th.it a gicatci apcitiiie 
than S 8 inches could not be admitted. The telescope, with this achioinatic object-glass, com- 
inaiidcd extiemo distinctness, on which account it was at iiist intended to apply it to the new 
instillment about to be constiiictcd. Tlicie had bceft foi scvcial yeais in the Royal Obseivatoiy, 
a ten feet object-glass, with an iiiioituie ol'full five inches, tins was mounted in a veiy oidinary 
mannei as a spy-glass, and had nevci been ol the least use to .istiononiy. it was fiom the bands 
of the late Mcssis, P. and J, Dollond, .ind dcscivcdly possessed a veiy high chaiactor. Mr, 
Tioughton was lixed upon to inaKe the newinstiiimcnt, having casually Siiul to the astionoinci 
loyal, that the abovc-iuentipncd object glass would imiik out the dimensions of .v tiiUisit mstru- 
inont that would bo a noble appendage to oui national astionomical osl.vblishniont, tins idea 
was finally adopted, and the instrument was oidcicd and niiiclc .accoidingly, This liansilin- 
stuunont being rcquiicd to be made so much laigei than any that had piecedcd it, the maker 
saw the necessity of forming and connecting many of the most essential pails difleicnlly fiom 
what had been done bcfoie. To describe those diflbicnccs seem now to be all that is icquiicd j 
foi the leader, from what has been said bcfoie, has, it is hoped, gamed .i gcneial knowledge 
of the instrument} but as llieio aic many figines in the plate .ippiopiinlod to the dcsciip- 
tion of the Gicenwicli constiuction, we will explain then connexion and lolativo uses in the 
foimation of this impoitant piece of mechanism, and ne.aily in the wouls of the eminent ailist 
himself, who has favoiued us with a paiticulai account fiom bis own pen. 

2. The mstnimcnt, as placed upon itspiois, is lepicsontcd by hg. 1, of Plate XVI. with the 
telescope elevated, and of couiso foicshoitenod. TIio picis aio the same winch suppoUed the 
formci tiansit they aie two feet squaic, and wcio six feet two inches high, but on account of the 
telescope of the new instiumonl being two foot longoi than tho old one, it became necessaiy to 
augment then height one foot, m oulci that the oye-end ot this new telescope, when pointed 
to the zenith, might be at the original distance above the flow of the Obseivatoiy, Poi tins 
purpose a scmi-cylindiical stone is fastened upon each of the picis, which aic alike two loet in 
diameter, and two feet thiee inches long, the ie.ison why the stones aio longoi tb.ui tho thick¬ 
ness of tho pieis, IS, that it was dclei mined the axis of the piescnt tiansit (thioe feet six inches) 
should not bo so long as the former by six inches. On the semi circulai faces ol tlicso stones, 
which piojeot inwaids, aie fixed the side plates, also of a somi-cucular figure} the Ys oi angles, 
on which the pivots of the axis icst, aie foimed in tho side plates, in one of wlncli is the adjust- 
inent foi the horizontality of the axis, and in the othei that foi placing the telescope in the 
meudian. The mannei in which these adjustable paits aie foimed, is upt shown in any of 
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the figiues, indeed, they aie quite concealed fiom view. It is, liowevoi, easy to corapiehend, 
that the adjustment to the meiidian is effected by antagonist sciews, tliat cliaw oi pusli the 
moveable Y; so that,in pcifoiming the adjustment, one scicwis fust eased, and then the olboi 
biought to be.ii against it The adjustment fbi levelling the axis is peilbimcd by a diffeicntial 
scicw} that is, a sciow, having at one end a coaise tluead, woilcing m the fixed pnit, and at 
tlie othei end a linei tluead, woiking in the piece caiiying tlio moveable Y All these sciews 
Rifl of the capstan kind, and aic acted on thioiigh slits in the covoung plates, by n pm oi level. 
Thus, 111 these most impoitant adjustments, not a single milled head presents itsell to the 
curious fingeis of any ignoiant poison, who may happen to liave access to the instiumenl. 

S The foimei instrument at Gicenwich, like all othcis of huge dimensions hithcito coii- 
stiucted, had always vaiicd much, and fi cqueully m Ihoso two adjustments j and it was the opi¬ 
nion of many, that the giound upon which the insliumcnt stood, caused those vaimtions, but Mr. 
Troughton was inchued to attubutc them to the oriois of ai t, laUici than the deviations of iiatui o, 
he thciefoic employed all lus skill to icudci those adjuslmouts peimancid, latiiei than obvious oi 
convenient. The adjustment foi levelling, indeed, is quite convenient, foi tlio diffoienluil sciew 
may be acted on when the level is lull in sight, but the aulagomsl seiows, which adjust foi po¬ 
sition in the meiidun, cannot, in the Gieenwich insluimcnl, be got at with the eye icmaiinng 
at the telescope. 

4 . To Ml. South’s sovon-fccl instiument, winch was made since, and winch is nearly a model 
of the Giconwich one, Ihcic has been added a system of pinion woik, which, acting on both of 
the antagonist sciews, at the same time screws one and unsciews tho olhci, by equal quantities, 
and, by means of a long handle, the effect piodticed is seen by the telescope. It is believed 
that the aitisl has succeeded to Ins wislics, in (he steadiness of these adjustments, foi Ihoic is 
evidence that both the Gieenwich Uansil-insUiunent, and the one which lias been casually men¬ 
tioned, as made since, keep then positions unvaned for months, beltet than the foimci ones bad 
done foi boms. 

5, The lube of the telescope is conical j and fioin a bioiul base, where it joins the axis, 
tapeis towauls each end, where its diamclei is equal to tliat of the objoct-glass. Each half of 
the tube consists of tluco pieces, sciewcd logcthei at tho places imukcd by lings in the flgiircs. 
tins was done, paitly, foi the moio easy means of making large tubes, but puncipally lu older 
that tho two paits which join the axis, should bo fmnlly fixed to it, picvioiisly to tho pivots of 
the axis being turned, foi the lathe would not admit of the wliolc length ol‘ tlie telescope, and 
even if it could, would have been othei wiso objectionable. Tho ccntie of tho axis is a hollow 
spheic, of about 14 inches diamctoi. thoio aic four lingo apcituies in it, two in the direction 
of the axis, of foin inches each, and othei two in the diiectioii of the telescope, of each ihiee 
inches diainctci, these holes aic lequhcd in oidei that the sphcic should bo turned at tho in¬ 
side, which can only be done tlnough them 5 foi it was icquucd that the splioic should through¬ 
out be of the same thickness and sUongth. tho cliametois of tho holes above statoil were xeqiurcd 
foi foiming the inside of tho sphcic, as well as for achnitlibg tho cone of laj's fiom the object- 
glass, to pass without intcuuption to the oyoj and in the othei ducction, that the lays of the 
lamp should pass equally unintouuptcd to tho illuminator of the wnos. Had the apqi tines in 
the spheie been made as iaigo as tho bases of the conical lubes which join it, the spheio would 
have been weakened, and icndeied unable to pcifoim its duty. Fig. S gives a view of the in- 
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iliument as seen fiom the east, the eastein pier being removed to show the parts; in this 
figiue the telescope is seen in its full length, as well as seveial other paits which will be de- 
sciibed piesently Figs. 3 and 4i are designed to show the manner of connecting the foiu 
blanches of the cioss to tlie cenlial spheie} they are diawn to a scale of one-tenth of the 
leal dimensions, but do not exhibit veiy obviously the paits they weie intended to do, for the 
diaflsmanhad a veiy confined view of them, and the instuiinent could not bo taken in pieces 
foi Ills use, we must theiefoie tiy to supply the defect by veibal explanation Mi Tioughton 
calls the pieces winch bind the foui blanches togetlici icmion-hars , six of these connect the 
opposite paits of the axis with the spheie, and fom the opposite ends of the telescope with 
the same. Fig. 3 is a section along the axis of the telescope, and shows the places of the foni 
bais belonging to it, which piojcct towaids the eye pcipendiculaily, and the whole length of 
foul of the SIX bais which belong to the axis, and he Jioiizontally, but m fig 4, which is a 
section acioss the ccntie of the axis, its six bats aie shown by small ciiclos, fiom which they 
pioject pcipcndiciilaily, and two of the foui belonging to the telescope aic seen in a hoiizontnl 
position. These bais at then ends aic foiined into screws, at one end the scicw is eoaise, 
at the other fine, the sciew at the finei end being about twice as long as at the othei: now, to 
explain the inannei of thou action, let us suppose that the finei one is sciowcd homo into any 
piece of metal, and that another piece is olTcied to the coaisc end, then unsciewing the liner 
will make the coaisci cntei, and bung the two pieces towauls each othci, with a power equal 
to the dillbiencc of tlic two scicws. 

V 

C. The four blanches of the cross, forming the body of the instinmchit, receive as many 
solid pieces that join the spheie, which leach full thiee inches into the cavities of the lespcctive 
cones, within which thoyaie soldered and pinned} the paits of these pieces which extend 
much into the cones aic thin, compared with that part which comes in contact with the sphere, 
foi there they luc substantial and concave, so as to bed faiily on the sphere *, they arc labbeted 
into the apeitiiies of the lattci. This expedient assuies the similar paits to be placed iii a 
light hue with each othei, and the dissimilai at light angles Now let the ends of the tension- 
bais, having the fine sciews, be scicwcd home into that end of the axis to which they aie 
adapted, and let the othei end of the axis bo bi ought m contact with the ends of the bars 
having the coaisc scicws} then unsciewing the fine sciews will make the coaisc ones ponotiate, 
and bung up the othei pait of the axis, as above described. The two branches of the tele¬ 
scope aie m thc’samo mannei made to bcai upon the spheie, which, like those of the axis, aie 
joined to it by a piodigious picssuie. Noaily four-sixths of the suifacc of the spheie aie 
coveied by the cones of the axis and telescope, and the other two-sixths aio pcifoiatcd, so as 
just to admit the hand, for it is only tinough these peifoiations that the tension-bars can be 
acted on, in biliiging the paits togethoi. The spheie, the cones, and the tcnsion-bais form so 
impoitant a pait of the instrument, that too much, lathei than too little, should be said of them. 
In foimei laige liansit instiumcnts the centre-piece was a cube, and of com sc the foui branches 
weie placed on platfoims, whereas, since that centre-piece has had the foim of a sphere given to 
it, those paits have been suppoited by aiches. In the foimer the blanches wci e sciewed to the 
cube byexterioi to the tubes, in the latter they are intoiioi, and give to the confes 
the gi eatest possible base. The tension-bais have, not unaptly, been called bones, for they 
aie concealed within the shn, and give to the combined paits the chief pait of then stieiigtli} 
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but when the cubes weie einploved, as clescnbed above, it was allogetlioi a cuticiilar adhe¬ 
sion 

7 . In the engineeung pait of this mstmment, the makoi, fiom its gieat weight and mag¬ 
nitude, appiehended some difficult}', he had had ample cxpeiiencc that small ones, in piopoi- 
tion to then powcis, peifouned then duty bcltci than tiio hugci ones. To leiulci the new in* 
stuiment (winch must evci be considcicd the most impoitant appaiatua in an obseivaloiy) equal 
to the impiovcd state of piaclical astionomy, not only weie the tension-bais applied, but also 
foui tubulai biaccs, as icpiescnted in figs lands These bins aio listened to the blanches 
of Iho telescope and axis, at places icndeicd stiong by in Lei 11 al lings diiveu haul into the 
lespectivc paits. These biacos have been vciy much cuLiciscd, and, the makci thinks, by 
those who weie not piactically qualified to appiccialo thou use. lloth the telescope and axis 
of a tiansil instiiimont will bond, let the uiUsl do what ho may, hut if that bending 13 in the 
dnection of giavity, all will bo well, foi the adjusted lino of collimalion aviII, noLwilhsUnding, 
desciibe a gioat ciiclc In an nistiiimcnl foi ineasuinig altitudes bending can do 110 mischief, 
piovuled that both ends bend alike, and I 0 this coiisuloiation astionomical mstiumcut makcis, 
01 at least those who have a light to bo called so, have always been vciy alLoiiUvc. In a 
tiansit instiuinciU, when the loloscopc isveitical, no tendency to bending lakes place, but 
when hon/ontal, that tendency is the gicatcsl, and it was to piovcnt any pait of the bending 
fiom taking place lateially that the tubular biaces weie applied, Those braces, tlicicfoio, act 
as pi ops to picvcnt lateial deviation, in cvciy degico of altitude, except at the J^eiuth, wheio ns 
piops they aio neutial, but in all positions whalovci they bind, the four blanches of the Instiu- 
incut mote fiiinly togcthci, and especially whcic those In an dies join the cenlial fiphcic. It has 
been the opinion of some asUonomcis, that the sun’s inys lalling mogulaily upon the brncos 
would clciangc the position of the telescope by causing expansion , and 111 oulci to set this 
matter at lest, Mi. flouth, whoso instininent has been bcfoie alluded to, insUluLod asciios of 
judicious cxjiciimcnts, detailed in the Phil. Tians. foi I8i2G (Pint Til.), which pioduccd no 
injuiious effect, those cxpciimonts wcic, indeed, confined altogether (o Uio hoaliiiglaysof'tfie 
sun, he did not like to toitiue Ins insUiimont by wiapping the ojiposito biaces in lioatcd 
fiaunel, and exposing the othcis naked to the cold an. 

8 . The Gieenwich instuimcnt is diffeicnt fiom all olhens pioviously con.sluiclcd, ivitlj 
lospect also to the means piovuled foi pointing tlic lelcscojic to an object in the heavens 5 in 
this the appaiatus is placed at the eyc-ciul of tlic telescope, as seen edgewise in fig. 1 , and 
flatwise in hg 2, but much bcttci, on an cniaigcd scaic, m fig. S, It consists of two semif 
cucles, placed on opposite sides of the telescope, and sci owed fast to the latter ; each semit* 
cucle has an index, which moves lound on its centic, caiiying a good spiut-levcl, and a VGir 
juei, which subdivides the divisions of the aic to single inmules j each index lias also ft clamp 
and sciew foi quick and slow motion. The scmiciicics aic divided and numbcicd, so as to 
show poki distances, and thoie aic two of them, not only foi the sake of umfoimity, but that 
the tiansits may be taken with the same facility in levoiscd positions of the aifis} inoieovei, 
they aie veiy convenient findcis, 111 cases whcie two stais come to the meiidiati within a slioit 
space of lime , foi one index being set to the jilaco of tho fiist stai, and tho othoi to that of 
the secomi, the telescope is pointed to either by racicly tuining it up or down till the piopcr 
bubble stands m the middle of its lube, without having again lecouiso to the divisions, Theie 
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IS a gieat advantage in tins method Of pointing the telescope, foi if by accident it should be moved 
dining an obseivalion, it may leadily be set to its place again without using fiom the observ- 
ing-cliau, wheicas by the old method, in such a case the obseivation was always lost. A 
gieat oveiaight, howevci, was committed in the constiuction of the pait last dcsciibcd; the 
semiciicles ought to liave been entiic ciicles, for to veiify the adjustments, and to piove the 
sufficiency of the instiument in the most satisfactoiy mannei, it is neccssaiy to have lecourse 
to obseivations by icflection Now when the telescope is depicssed below the hoiizon, so as 
to look at the image of a star icflecled fiom a basin of mciciuy, the semiciicles become of no 
use. To have lectified this oveisight in the best manner, would have been to apply entiie 
Clicks, but this would have discontinued the obseivations foi some time, a plan which Mi. 
Pond would not submit to, and, at lus suggestion, a two feet ciicle was applied to one end of 
the axis, which is shown edgewise in % l,and flatwise in fig 2 , the same is bettci shown m 
flg. 6 , which exhibits also a pait of the pioi, the side-plate, and position of the leading mi- 
cioscope, which, being affixed to the piei, pcifouns the office of index to this click. This 
contrivance foi finding a star is not a bad one, but it is subject to some of the inconveniences 
of the old method, and is contiary to the whole scheme of the insluuiicnt, as well as unsightly. 

0 . Thcie is a contuvance foi lolieving the pivots and Ys fiom a gieat pait of the weight 
of the instiument, and foi pievenling tlio founei fiom being woin by great prcssiuc; no pait 
of this nppaiatiis is seen in any of the flgiues, except m fig. 1 , and theic only the countcipois* 
mg weight ‘f it consists of a .stiong beam, caiiying at the end next the axis a Y, which takes 
hold of tho pivot beyond the pait which rests on the side plate. At one-third of the length of 
the beam from tho pivot, the foiraci opens into a cucle, the inside diameter of which admits 
the illuminating Inntcin j ncai the cxtciioi bolder of the click, and at light angles to the beam, 
the points of two steel sciews icst upon steel plates fixed in the pieis, and thus foiin a fnlcunn 
fin the whole to rest on. The beams extend outwaids a little beyond tlio oxlciior suiface of 
tho piers, wheie the cyhndiical weights aie attached to them, as shown in the figure icfoiied 
to, to the east and west of the pieis. 

10 . The illuminatiou of thewiiesinlhc field is pcifoimcd as usual tinough the axis; 
tho position of tho lantern being as already dosciibod, the illuminating plate is fixed in the 
centie of the splieic • there is, howcvci, one thing that is pcculuu to this in&tiumcnt, namely, 
a kind of tris placed in the tube of the telescope, at about eighteen inches fiom the eye 5 
with this, which opens 01 shuts by means of a pinion cariyiug a milled head, the field of view 
may be ilUunmated, fiom almost total daikness to the biightness of bioad day-hglit, accoidmg 
to what diffeient stais may roquue, without mtciceptmg a single lay that comes fiom the 
object-glass. 

11 . T'his instiument has no plumb-line 5 the axis is adjusted by a fine giound spiiit level, 
with a stiong deal fiamo, which, when in use, stands above the axis upon the pivots, it was 
made many ycais ago by Tioiighton foi the old tiansit, and, having undergone a few alteia- 
tions, now setVes the new one. Its accuucy has been pioved by obseivations taken by icflec- 
tion ftom the suifaco of meicuiy. 

l^. Thcie aic seven veitical wiies in the focus of the Greenwich telescope, which aie 
placed at an eijuatoiial distance of 18.8 seconds each j there aie also two hoiizontal ones, 
each of which is 'placed at about a minute and a half of a degree from tho centi e of the field, 
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between which it is intended a stai should pass dining an obscivalion Thcio is besides at¬ 
tached to the eye-piece a fine miciomctei, which cames a single vcitical wue thiough a laige 
laugc , this was applied on the discovery of a small stai exticmcly iioai the pole, foi by a 
tiiblc computed foi this stai and this raiciomctci, the state of the telescope lespcclnig the 
ineiidian may be examined at any houi of the night The miciomctei also serves a still inoic 
anpoitant puipose , in obseiving Polaiis, and othci slowly moving stais, it is tedious to wait 
the time they take in passing from wiic to wnc, but with the miciomctei adjusted, and set to 
one 01 moie entiie levoliUions of its sciew, which nic teiminalcd by a ttcli the obscrvoi may, 
on each side of the middle wue, make as many obscivalions as he pleases, and with the same 
accuiacy as if the fixed wiies had been used. 

IS. Figuies 7 and 8 icpicscnt the observuig-chaii oi sofa, m two didbient points of view# 
the basis of which is suppoited by castois, and the back may bo made to locluie m any icquucd 
angle, to suit the elevation of the stai which is the object of obsoivation. This vaiidtion of 
position IS effected by a hiUidle within reach of the loft hand, that turns a pan of bevelled 
pinions, the lattci of which is put on an axis formed into a long sciew, which acts with a 
tail piece descending from the back, and icgulatcs the lecHnation. It was said before, that the 
two vacant sides of the splieic wore pciforalcd, so that tlio hand might be admitted foi 
scicwing the paits togcthci, it icmains to be mentioned, that thoso openings wore finally 
closed by biass plates coveicd with platinai on one side is engraved the maker's name and 
date, 1816, and on the otliei the following insciiption t « To tlio President and Council of the 
Royal Society, tins and the Muial Circle, being his gioatcst and best woiks, aio dedicated by 
the Maker." 




I LXI ON THE METHODS OP OBSERVING AND REGISTERING TRANSITS 

1 . In oul preceding sections wc have supposed oin readers acquainted with the operation of 
obseiving the passage of a stai, oi otlioi heavenly body, ovoi the wnos or spulci's lines of the 
tiansit-instriiment, and with some ])lan of legistenng them, as well ns with the method of 
1 educing the tunes, shown by the clock at the separate wiics, to the lime of passage «il the 
middle wnc. Tins supposition enabled us to lioat of the criois and coiiesponding coricctions 
of the clock, consideied in connexion with the tiansit-instimnent, sepaiatoly from the skill 
that IS neccssaiy for managing the instrumental obscivalions. The mode of obseiving iho 
passage of a heavenly body is the same, whalovoi may bo the si.se of the insliument, or the 
nuinbei of its voitical waes, but the methods of rcgisteiing, and of reducing the observations 
to the middle who, depend paitly on the number of those wnos, and partly on the polar dis¬ 
tances of the stais that arc chosen as the obiocls of obsoivation. Wc will flist advert to the 
mode of obseiving, and then explain the different methods of registeimg the objservations, and 
of reducing them to the middle wiie. 

2 In general the obseivei knows picviously the approximate right ascension and declina¬ 
tion, or zenith distance, of the body ho is prepaiing to observe, by the assistance of which 
infoiraation, and of the approximate latitude of his place of observation, be can set the 
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Vdiiliei of his small ciicle, earned by the insUumcnt, to eithei the altitude oi /emlh distance, 
sufficiently neai the tiuth to bung the object into the field of the telescope, when the eleva¬ 
tion 18 made such that the bubble of the level, attached to the vcinici, stands ncaily in I he 
middle of its tube, foi in that situation of the telescope the stai will be seen jiassing the wiies 
at the tune of its light ascension, piovidecl the clock indicate tiuc sideieal tune, oi neaily so, 
and piovided the adjustments of the tiansit-instiuinent have been pieviously attended to, 
agiecably to the diiections that have been offcied in section LVI When the stai is viewed 
in the southern pait of the visible hemispheie, in a noithein latitude, oi undei the pole in the 
noithem part, it will entei the field of view of the telescope, having a celestial eye-piece, at 
the light-hand edge, and, passing fiom light to left, will depait at the left-hand edge 5 but, on 
looking towaids the noith, the stais above the polo, extending the aic as fai as to the zenith, 
will cntci at the left-hand side, and dcpait at the light, which lelative appcaiances aie cii- 
tiiely occasioned by the caith’s rotation on its axis, and the obseivci’s position The business 
of the piactical astionoinei, when he is satisfied that the piopei object is passing the field, is 
to count and mark down the exact second and fiactional pait of the second indicated by the 
clock, having its dial illuminated, and its beat audible, at the instants when such object is 
bisected by each successive vcitical wiic. The seconds will legiiiio to be counted tacitly fiom 
some given second which the clock is indicating befoic the stai amves at the fiistwue, 
suppose It to be at 10* beyond some minute, then going on ir, IS’, &c. as the boats aie 
hcaid to jiiococd, the nuniboi last counted bqfoie the fiist bisection takes place (which will be 
mostly insUntnnoous) will bo the second to be noted in the piopci column of the journal, and 
the fiactional part will best be obtained by the eye, in compaung the small inlcivah shoit of 
and beyond the said veitical line, at the instants of the picceding and following beats of llic 
clock, as the stai's place legaids the obscived wire at those instants, when such intei vals befoie 
and aftei the passage aie judged to be equal, the fiactional pait will be 4 01 ,5 of a second 5 
if the pieccding inlcival exceeds the following, it may be . 6 , 7 , . 8 , or . 9 , as tlio eyo may 
judge, 01 , on the contiaiy, if it is less, it may be , 1 , 2 , .3, 01.4 it will, howevei, icqiure 
considciable practice to disciimmatc to the nicety of . 1 , or even of .2 of a second at each 
Witc, and in this disciimination consists the excellence of the obscivation. 

S When the inlcivals between the lines aic equidistant, which in the picsent state of 
dividing they ought always to bo, the sum of all the tunes noted, divided by the nurabei of 
the lines passed over, piovided none be omitted in the obseivation, will give the time of 
passage ovci Ihe middle wiic, 01 what is called the reduction to the middle wiie. If one of 
the Aviies, piecoding the middle one, should by any accident 01 impediment be omitted, its 
coilcsponding following qi)e must also be omitted, foi m taking a mean, the pans that aie 
obscived befoie and aftjSf the middle wiie should be equidistant fiom it, 01 the leduction that 
arises out of a mean of the whole will be impiopei When a mean of all the equidistant odd 
nuihbei of obseivations 13 taken, its near agieeinent with the time of the single passage, taken 
at the middle wiie, will be a pioof that the tiansit has been caieftilly and skilfully obseivedj 
and whqn this is not the case, the observation ought to be 1 ejected, unless, by a compaiisoii of 
the dififerenccs of the times belonging to the lespective intei vals, it appeals evidently wheic 
the error lies, and what is its cause and amount. When the weather'is vciy hot 01 veiy cold, 

01 the changes of teinpeiature sudden, the state of the instrument should be examined two 
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01 thiee times cveiy evening, to see what reliance can be placed on the permanence of its 
adjustments, and that notice may be taken in the journal of such deviations, as may occasion 
enoia in the time indicated by the clock, in oidei that the collections due to them, as ex¬ 
plained in oui last section, may bo applied, when the appaiciit comes to be icdiiced to the 
mean light ascension foi a given epoch. The diffoicntmGt[iods of iegistciing the obseivations 
will be most clcaily undeistood fiom an inspection of the joiunals containing tiaiisiL obseiva- 
Uotis of dilTcienl public obseivcis, with specimens of which we piopose to picscnl oiu loaders, 
as models foi then selection, accoidingly as then lespoctivc iiistiumonts may have tliicc, five, 
01 seven wncs, oi othci lines, in the common foci of the object-glasses and positive eye¬ 
pieces. 

4 Seveial of the same piincipal stais aie nsiially obscived, as often as opportunity occuis, 
at each public obscivatoiy, fioin night to night, because then plates, being well asccitnmed, 
affoid so many fixed points in (he heavens with which the places of otiioi stais may bo com- 
paied, and by means of wludi the time shown by the clock may be ficqncntly appicciatod. 
Indeed the dilfeicncc of the times indicated at two successivo passages ol' the same stai, in 
the same stale of adjustment of the insliumcnt, will at onco thscovci the daily rate of the 
clock without computalion, and such latc is ficquontly iccoidod, paiticiilarly at Gicemvicli. 
But at some othci obseivutonos tlie time is noted accoulmg to winch the clock xafast or s/ow, 
fiom the di/Ibicnccs of which 011018 the rate may at any time bo clciivcd, but nol so conve¬ 
niently, noi pcihaps so accuiatoly, as when it is deuved fioin cntiic lolations of the earth to 
the same sUu again, and when the compaiisoii is made nflci an inteival of two oi tinco (fiitiic 
sidei eal days, It will conlubutc to accuiacy, as well as convonicnco m coirccliiig a catalogue, 
to fix on some stai of the /list magnitude, ncai theequatoi, such as may be easily foiiutl in 
the day-tune, and as has a quick appaicut motion, foi the stardatd point of dcpaituic, and to 
assume the known iiglil ascension of that stai, as icguhiting the tunc of the clock, in picfei- 
ence to any othei; in which case the ciioi dciivctl fiom it will be common to all the stais, 
Di. Maskelync chose a Aqnilre, and othois have used a I’cgasi lor this puiposc, (heir line 
distances in lime liom the venial equinoctial point being icspcclivcly doleiminod fioni a coin- 
paiison ol then obseivcd places with the obseivod places of the sun, when neai the equinoxes, 
the method of doing which will be explained hcieaftci. 

5, When five equidistant wncs aie used in the obseivations, Di. Maskolyiio's method of 
abndging the nuineiical lediietion to the middle wiic will bo found voiy convenient; the 
common anUimotical pioccss is, to divide the sum of the five times of passage by the ligino <5, 
aftei the boms, minutes, and seconds aio all added up; but multiplying by the decimal .2 is 
eqiuvnlcnt"to dividing by the intcgei 5, and when such factoi is substitutoil, it will only be 
necossaiy to add logolhci the scconch, without any icfcionce to the minutes, piovided ono-fillh 
pait of a minute, oi 12’, be as many times added to oi subtiacted fiom the pioduct, as will 
conveit it into the same mimbei of seconds that wcie indicated at the middle wire j foi the 
fi actional portion of the second, to be cxpi eased by a decimal, is all that, in a good obseiva- 
tion, 18 wanted to complete the icduction. The annexed example will lender tins mode ol' 
abndging the computation quite mlclligiblo. Lot the stai be » Aguani, as obseivcd at 
Gieenwich on the SOth of Seplomber 1826, agi'ceably to the following obseivation: viz, 
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1826 
Sept. 30 

I 

II 

III 

Meud wiic 

IV 

V 

VI 

VII 

Reduc¬ 
tion of 
wn os 

... * 

1 

1 

» Aquani. 

*-... ■ 

t » ft 

' 44*.9 

3‘.3 

21" 57™ 21’.6 

39‘9 

58*1 

« t 

21'.56 


Common Method op Reduction. 

21" 56™ 44‘9 
21 57 S3 
21 57 21.6 
21 57 39 9 
21 57 58.1 

*• III . ■ i~ I m I • I I I I 

5)109 4.6 4.7.8 
Time leduccd =21 57 21.56 


Abridged Method. 

4.4.',g 
3.S 
21.6 
39.9 

58 .1 

< 1 I ii < 

IG7.8 X 2 = 33 56 
Subtiact.12.00 

% . .I fc 

Seconds icdnccd . = 21.56 


lu like inaiinei, when llucc equidistant wucs only have been observed, one-thud of the sum 
of the seconds, incieased 01 diminished by 20' (one-third of a minute) as often as may be 
iiccessaiy, will give the 1 eduction with equal facility, foi instance, in the example befoieus, 
if wo take the third, fomth, and fifth wucs only, we shall have the sum of tlie seconds = 64)‘.8, 
and one-tlurd of this sum = 2r.6 without addition 01 diminution, because these three passages 
weie all taken in the same minute} but if we take the sum of the limes given at the second, 
fourth, and sixth wiies, it will be 124.'.6, onc-tlnid of which is 4.1*.533, which must theiefore 
be diiniiiished by 20’to give 21'533, the leduction aiising fiom these thico wucs. In this 
obseivation the intcivals deiivcd fiom the diffeicnccs of the tunes of passage aic icspectivcly 
18 4,18.3,18 .8, and 18.2, giving the mean = i8’.3, which is the dctci mined equatorial 
inteival aheady mentioned in oiu account of the Greenwich tiansitHiistiument, the star in 
question being only 1® 10' out of the equator. 

6 Wheii the sun is the object obscived, each hmh must be considcicd as a distinct object, 
and the linos aie usually so auanged that the fiist limb will have passed them all bcfoic the 
second limb has ariiVed at numbei I, when this is the case, it will be convenient to 
icgislei the passages oi the second hmh 111 a letiograde ordei, beginning with the last column 
and ending with tho'fiist,'and then the sum of each equidistant pan will be alike in each 
column, within the fiaction of a second, and a mean of the sepaiate sums may leadily be ob¬ 
tained by the abiidged mode of reduction to the middle wite. If, for instance, we take the 
Gieenwich obseivation of the sun on Septembei the 23d, 1826, when Ins decimation was 
only 2* 36" N, we find the journal lecoidmg the passage of the sepaiate limbs in succession, as 
though they were distinct objects, thus • viz. 


t 
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1 

Sept, 
r; 28. 

I 

n 

III 

Morid wire 

IV 

V 

VI. 

VH 

Bctluc-^ 

lion 

Days. 

m 

m 

Namc^ or 
Clmrac^ 
ters 


20’.4 

28.7 

S8’.7 

47 .2 

11" 58“ 57’.0 

12 15 7 

15’5 
24.0 

83’.7 

42.3 

■ -- _ 

f * t 

« « 

_ 

1 .32 


40.80 

© 1 L. 

|0 2L. 


NoWj accoiding to this mode of registeiing, we are obliged to rcdnce each limb of the sun to 
the tmdcUe wue sepaiately, and to take the moan of the two ieduced limes as the time of the 
centie’s passage ovci the same, thus: 


First Limb 

SO'.d. 

88.7 

11" 58-" 57.0 

15 .5 

38.7 

\ I ■ I I 

IQS .8 X .2 = SS'.OO 
Add heic . 2<1< .00 

Time reduced , . . , 11 58 57.06 

Second Limb.12 1 5.58 

Diffeience.. S 8 .d-S 

Half diff. 01 somi-duiatiou . =: 1 4' .21 

lly the Nautical Almanac . 1 3 .9 


Slcond Limb. 

28‘.7 
47.2 
12 " 1 “ 5 .7 

.0 

42 .8 

147.9 X .2 = m .58 
Subtract . . 24.00 

M m 1 1 . - - 

.12 1 5.58 

11 58 57.06 fust limb. 

n ih|i , a .. I 11 *^^ 

24 0 2 .04 = the sum. 

^^tlioSck^} ^ 1.32 = half the sum 

By Naut. Aim. 11 59 SG ,10 

j- . . . • I n~ II 1 

Clock fast , , . . 25,22 


This appeals to have been tlie method by which the icduction stated in the journal has been 
made, but the woik may be shoitoncd by icgisteiing the passages of the second limb in an 
mvetted ordci, as we have alicady pioposed, and as we have always been accustomed to do in 
taking clown sohu iiansits, agicc.ibly to the following plan • 


1826. Sept 23, 

20’.4 

42.3 


11" 

12 

58"’ 

1 

57*0 

5.7 

15’.5 

47.2 

8S*.7 

28 .7 

0 1 Limb. 

© 2 Limb, 


2.7 

2.7 

24 

0 


2 .7 

2.4 

b 

the sum = IS’,2 


This amount of 13.2 seconds roquiics to be divided, fiist by 2 , to reduce it into the mean of 
both hmbs, or centi e, and again by 5 , to obtain one-fifth of the said me&n arising from the five 
wUes, but those two opeiations by oui method become unnecessary} for if wc remove the 
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decunal point one dogiee to the left, oi, which is the same thing, if we suppose the nnmbei 
Sist divided by the unit and then multiplied by the decimal .2, the ligutes aie not alteicd, 
but instead of IS’,5 we get 1' 32 foi the icducod seconds, as was done by the common cii- 
cuitoiis way Than this method nothing can be moic simple, when, as is usual, both limbs aie 
obseivcd at five successive and equidistant wiies. When a planet is obseivcd, which is 
genoially done with a high powei, the fiist limb may be observed at tlio fiist and last wiies, 
and the second hmb at the intcimediatc ones, and then a mean of the two ieductions will give 
the time of passage of the ccntie, and half then diffcience the duiation of the semuliaractei*s 
pH&sage. If we examine the solai obseivation of Septcmbei 23, we shall find that the equa- 
toiial inteivals dctciinmed by the fiist limb wcic successively 18 .3, 18 ,3, 18 <?, 18 2, and by 
the second hmb 18 18 5, 18 .3, 18 .3 , fioin which it is obvious that the disciopances wcic 

eiiois of obseivation, latlici than of the intcivals of the instuimcnl, which can nevci bo well 
detcimincd fioin the tiemulous motion of the sun In the picsent instance it is evident fiom 
our mode of legisleiing, that the puncipal oiiois wcic committed at wiies VI. and II. wliicli 
attach to the two obscivations standing in oiii last column, of which one was the last of the 
fiist limb, and the other the fiist of the last hmb iho othei passages appeal to have been well 
obseived, and would piobably give a bctlei lesiilt if the seconds noted in our last column wcie 
omitted. 

7 In taking tiansits of the moon exactly at full, winch, indeed, will seldom liappcn on 
the mciidian, the edges may both be obseived, like the sun’s luiihs, but at all other times tiio 
luminous edge alone can usually be obseived, from winch the passage of the centic must nc- 
cessauly be infciicd by the'aid of oiu Lunar Tabi.is 10 and 12, given at pages 200 and 202 
of out fiisl volume. On the 17th of August 1820, the moon was full voiy ncaily at her 
meiidian passage, and Ihcicfoio liad both hei limbs obseivcd at Gicenwicli, thus 


1 

Aug, 

% 17^ 

I 

IL 

III 

1 

IV 

V 


VII 

1 

Ucrluc- 

tlOll 

« « 

• * 

) 1 L 
>2L 

4 t * 

« t « 

17*.3 

27.4 

S6’.4 

46.3 

21" 52™ 55’.3 
21 55 5.3 

HB 

EH 

33** 3 
43 2 

: i t « 

« * « 

0.31 

Oi, by oin method, thus 

Aug. 

17. 


17’3 

43 2 


21" 52™ 55*.3 
21 55 5.3 

14.’4 
46 .3 

S3’.3 
27 .4 

= O’.Sl 

) 1 L. 

) 2 L. 

0.5 

0.6 

0.6 

0.7 

0.7 


Passage of centie, 2l'‘ 54"* O’.Sl 


8, When the inteivals between the contiguous wiies are discoveicd to be unequal to one 
another, and cucumstances will not admit of then lectification, then cquatoiial values must be 
lespectively found fiom obseivation, oi expeiiment, and tlie acciuate obseiver will be undoi 
the necessity of separately ieducing the time noted at each wnc to the cential wiie} and the 
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1 eductions Will lequuc as tTi«iny distinct computations for each stai, accoiding to its decima¬ 
tion As an instance we may give the case locoidcdby Piofessoi Stiuve, who, on the 18th of 
Octobei, 1818, having put seven wiics to the eye-piece of his transil-instuiinent, winch bcfoio 
had only five, found that the equatoiial values of the intcivals counted fioin the contial wnc 
IV, wcic these, viz, 49' 081 ,. . S5'.057 ... 8 ’ ^81.... 8 *. 687 .... 2i5’,3<J9 ... 50 ’.191 

Whence the mean collection of the whole \vas= +0M41 ] — above the pole. 

Fiom III. and V.. ±0.203 

Fiom II. and VI.. ±0.036 [ * 

Fiom I. and VII.. . = ±0.255 , 1 - below the pole. 

But on the 19 th of May, 1819, when, on account of the expansion of the metallic tube, it was 
found nccessaiy to bnng the object-glass of the telescope ncaici to the wiies, foi the sake of 
distinct vision, the pteccding values were a little alteied, and the following weie neccssauly 
substituted foi the icmaindei of summci , viz, 49’ 084 .... 25'.26l .... S'.QlO .... S’.CSS 
,.. 25’.375 ... 50’.245. Whence the moan collections became foi suinmei 

From the whole .. ±0’.150'] - above the pole. 

Fiom III. and V. .. ±0.208 [ 

Fiom 11. and VI . . ±0 057 ( ’ 

Fiom I. and VII. . . ±0.280 j + below the pole. 

In the preface to the fiist volume of Di, Maskolyne’s Obseivalions wo find the following no¬ 
tice of his equatorial intcivals j 

Fiom May 7 to June 4, 1705 . 36".20 SO".45 36".57 I SG ".26 

Fiom June 4 to May, I 7 O 8 . 36 .02 80 84 30 84 35 .48 

Fiom May, I 768 , to August 20, 1769 . 3.5 .78 30 .07 30 .07 35 48 

Fiom August 20 , 17 O 9 , to July 14, I 772 . 85 .65 30 05 36 .05 35 .08 

Fiom July 14, I 772 , to AugUbL 1,1772 . 40.85 41.13 41 .13 40 .65 

Fiom August 1, 1772 . 30.40 30.54 SO .36 SO .55 

9 . It will sometimes happen Aom the slate of the weather, fiom want of time, fiom imul- 

veitonce, 01 fiom other circumstances, that a stai, or othoi heavenly body, may not have been 
ohscivcd at moic than one wiio, and m such case, if its declination be known, the observation 
need not bo lost; foi when the value of the equatoiial intcival in seconds of time has been 
pieviously asceilamed, this value multiplied by the secant of the star’s declination will give 
the lime due to the intcival, to be applied as the reduction with + 01 accordingly us th<? 
ohscivcd wiie was befoicoi belnnd the ccntial wire. When the sUi is at a considciable dis¬ 
tance fiom the pole, its appaicnt path will bo very nearly a straight line, and near the equator 
may be consulted exactly so, and in such cases, if we call the value of the equatorial inteival 
m seconds V, and the 1 eduction It, we shall have R =. F sec i, (1.) 

10 . But if the stai be ncai the pole, its appaienl path tiuough the field of view will be the 
arc of a ciicle, that is grcatci than the sme, or straight line j and the star will he longer in pass¬ 
ing the exti erne inteivals than m tiansiting cither of the inteivals bounded at one side by the 
central wue, in this case we shall have the reduction 



arc sin (15 V sec 

1 ■■II 1 ^ . * II tllllfcw < l t 

15 
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and as R' is gicalei than then diffeience will be 

_ -Fsec ^ 

35 


15 r sin ^ + i(15 V see ‘ j 

~ 15 


01 , neglecting tholiighei povicis, 


= -L (15 F sec i) 
90 ^ ' 


JFoi instance, ni the eye-ptece of Piofcssoi Stuive’s tiansilinstiuinout, which we have mcn» 
tioned, the values of the c\ticine intends, 1 and 6, aie stated to be veiy ncaily 50' each, and 
15 V theiefoie •=: 12' SO" = 0 .003636 , also 


(W- R) = 


0 ,003636 sec 5' 
OOTaicT'"’ 


= 0.0001102 sec J’j 


which in a gieat cade at the stai makes 

_ 0,001653 see 

sec 0 


Now if wc assume, that the gicatest allowable cnov should not exceed 0".05 in the lediiction, 
and if we wish to deleinuno the exact point of declination whcic R may begin to bo used in le- 

ceding ftom the pole, and R' in approaching it, wc have the natinal see ^ = - 


0.05 


5500 , VIZ. 5 = 79” 32'. Poi the inteimediate intcivals 2 and Fis given neaily =: 25*, and 
we have (JR'— 7J) = 0.0000188 sec oi 


15 nv~^ R) 



0 .000207 sec 


and when this is t= 0.05, we have ^ = 1556, oi nat. sec of 86° lO'* Hence, foi the leduction 
fioin the wiics 1. and V., foi inula (2) musl be used, when the declination exceeds 79'”32'j and 
for the wiies II. and IV., when it exceeds 86“ 19'» m oidei that the oiioi in the leducliou may 
not exceed 0',05 The eiioi in time incieascs as the cube of the distance fioin the pole, but 
the eaoi in aic as the squaic of the same. When two equidistant wiics aic obseivcd, even 
noai the pole, the mean timeaiising fioin the two, piovuled they be at opposite sides of the 
cent! alwile, will howevei give tlicieduced time due to the middle, oi intci mediate who, without 
icfcionce to the foimulte; but neai the pole it is seldom ponvenicnt to wait the whole time ne- 
ccssaiy fot obtaining the observed passages at all the tbiee oi five wnes. 

11. When the leduction is made to the middle wne flora an obseivalion at a single wnd 
by the pieceding foimula (2.), it will be necessaiy to know the declination of the stai obseiyed 
fo the accuiacy of a few seconds, foi if we put the declination = (^ d"), the eiior, when 

using an eJjtieine wire, will be e = 50’ (sec ^d) — sep ^ 



cos 5 ~ (cos ^ cos d + s}n J sin d) 

cos + d) cos $ 
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or, if COS (J + COS d) in the clcnominatoi be neaily = cos the cu’oi in lime may be taken 
e = ^50’ > 01 foi space e = 750" sm d tang 5 j and if the etioi ought not to ex- 


cos 


5^ 


ceed 0".05, the ina\imum value of d, deduced fiotn the Ibimula, 750" sin d tang A = 0".05, 
may be taken 

"= 55500 ““"*’ 


01 , if A be put foi the polar distance, 



1 

15000 


tang A. 


For the wiics 11. and IV. we may put 




colang 5, or 


1 

7500 


tang A. 


12 On the contiary, when the declin.vtion of any star is not coirectly known, or is given 
enoneously in any catalogue, by coinpanng the obscived with the computed intcivals, the col¬ 
lection may be deteunined by the foimula 

V sin 5 sin d 

p I 

p II ■ I I I, ^ • t • W % 

cos (o d) cos o 

V 

for if A' represent the Irucj and the obscived interval, wc shall liavc —rr —— = .t’'» and 

cos CCj 


G ^ 

. cotang 0 = d, 

In this way Struve deteunined the ciiois in the decimation of various stars, one of which is 
4 Uism Minoiis, whioli he found to be =: 89'^8'5G".8, when in Bode’s Uianogrnphia it is 
given = 89° 5' 13''.<l. 

13, The following specimens of a tiansil-journal will explain the different inolhocls of aiiaiig- 
ing the observations in several of the diffeiontpubhc observatories, winch differ Aoin one another 
chiefly in the aiiangcment of the columns. It will be seen that at the ihieo first observa¬ 
tories, the observations aie made with the transit-instiumont ac^usted, but that at the three 
last the eiiois of the instiumenl aie registciecl, foi the purpose of giving the corrections to 
each obseivation. At Greenwich, Pans, and Madras, the clock's rate is given without its 
eiror in tune; at Konigsbeig, and Dorpal, neither the enor of tlie clock’s time, nor its rate is 
scpaiately given, but the stais’ obscived passages and coriecUons of the instrument at the re¬ 
spective times, fiom which the true times and mean light ascensions may be computed after¬ 
wards , and at Vienna the clock’s eiior and data foi computing the ciror of the instrument aie 
sepaiately given, where the symbol w appeals to lepieseiit die azimuthal error, and a the right 
ascension of the star. 


3 c 2 
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OBSERVED TRANSITS OP FIXED STARS AND PLANETS OVER THE MERIDIAN 

(AT GHEl-NWICII) 


In tlie year M DCOC XXVI 


Dflv 
of tile 
Month 


June 


40^0 
60 0 
42 0 
41 1 


in, 

0* 

2 

17 

fl 

2 

1 
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OBSEUVED TKAKSITS of fixed stars and planets over the BIBRIDIAN, 

AT TIIL OBSBllVATOny AT BIADHAS (BY J GOLDINGIlAM) 
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OBSERVATIONES ASTRONOMICiB DORPATENSES. 

(BY PROFESSOR STRUVE} 
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REDUCTION OF OBSERVED TRANSITS INTO SIEAN RIGHT ASCENSIONS 




§ LXII REDUCTION OP OBSERVED TRANSITS INTO JMEAN RIGHT ASCENSIONS 


1. When a piactical aslionomei' undoitakcs a legulai senes of observations, with an intention 
of pioinoting the science, his choice of objects usually depends on the povvois and vaiicty of 
ius instillments, on the local situation of his obscrvatoiy, on the tunc he means to devote to 


them, 01 on what he conceives to constitute the wants of aslionomy in the existing state of tho 
science. Hence we find that diffeient obscivcis employ their laboius on difleient objects, or 
pin sue diffeicnt means of attaining the same end. AlGiconwich a ccilain lUimbci ofpuu- 
eipal stais have long occupied the atlcnlion of successive astionomois loyal, almost to the 
exclusion ol' othei objects, in oidei to deleiminc so many fixed points in the celestial legions, 
to which the situation of olhei bodies maybe lofeiied with confidence. 'ilie3()sLais, uowgcnc- 
lally known by the appellation of “ the Gieenwich stais”, oi ” Di. Maskclync’s stais”, have boon 
watched fiom yeai to year with siicli assiduous caic, that they have become uiieiiing guides to 
the maiincr, and tests of accuiacyin Ihowoik of an obsoivaloiy, wheic time is concerned, 
and will ultimately conlfibiile to fix the constants of picccssion, abciiation, and mihition, 
solai and lunai. This list lias lately (1827) been extended lo GO, the appaieiit places of which 


ate now annually computed, and given as a valuable a])pentlago to oui Nautical Almanac 


which addition gieatly facihtalos the acquiiomcnt of coircct tunc, to wliich the suloieal clock 


lequues to be adjusted. A comparison of the observed places of other bodies with the kuown^ 
stations of those fundamental stais becomes ||)c business of the astioiioinei, in the foimatioiii 


of every new catalogue, iii winch the apintieul aio ieduced to the mem places of those objects, 
111 wliatovei pait of tho heavens they may be situated. Indeed, astionomois in different 
countiies have now checked each othei’s detcunmations of these prunniy stations so iigidly, 
that hltfp moic is left foi futuic astionomcis to do, but lo multiply tlicir tuuiibcr, and to assign 
fo each body that is obscivcd its appiopiialo place, The fiist step is, to detcimino by ohserV" 
fltion the appaient place of a heavenly body, and tliencc to infct its mean place by suitabio 
coriccUons, whiph must depend on circumstances, not however of aii lubitiary natuic. Tho 
beauty of piactical aslionomy is, thaticgular and ceitain results accrue fiom the application 
of vaiiablc corioctions, whoiicyci the ob“oivnttous aic acciuatcly obtained. Oiir picscnl con* 
sideiation is confined lo tight ascensions to be riediiced fioin rccoided Uansits, and the inode.s 
of con veiling one into the oLhci admit of vpiious means or piocoascs. 

2 . But it would not bo doing justice to oiu national obsoivaloiy, lo alHim that the ntten-c 
lion of its picsont numcioiis observcis is confined exclusively to a limited nuinhef^ of funda¬ 
mental stais vaiious othci stais, as well as the sun, moon, and planets, includin|V'the lately 
disoovcicd small ones, and also comets, aie regulaily obscivcd, as often as opportunities occiu, 
and the observations now q.nnually published affofd ample testimony, at the same tune, oi’ the 
excellence of the insti uments, and of the skilful use that is icgulaily,inade of them. Tho 
lesouices of ait have been so well applied, in the const!uclion and fixing of the Gicenwich 
instiuments, that the fciy pnois of position to which they may be occasionally liable, aio 
usually coriccted by the pioper adjustments, instead of being suffeicd to remain as subjects of 
computation, to incieasc the number of reductions, which are always tioublesomc. Accord- 
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jngly we find 1 emailvs inteispeised between ceitain days’ obseivations in the jouinal of the 
tiansits, stating, that the inclination of the axis was examined, and collected when nccessaiy, 
and that the colliination was fiom time to time tieated in like inannci, but the deviations 
fioin accuiacy aie laicly so consideiablc as to lequiie computed collections, and with lespcct 
to the meiidian, it is easily discoveicd, by a compaiison of the supeiioi and infeiioi passages of 
the pole-stai, of oi of MJisa 2 Miiioiis, which aie observed as often as possible, that the 
instiument letains its position in this inspect also. Foi instance, in the specimen that wc 
have given of thejomiial of Iransists taken at Gieenwich on the S'tth of June, 18?6, which 
was not selected foi any p.uticular put pose, wo find Polaiis passing S. P. (sub polo) 

At.12" 59"' 54.M'I< 

And above the pole at ... . 0 59 54' 00 

Also ^ Uism Mmoiis above at . 14t 52 88 .50 

Ditto, below, at.2 52 S3 57. 

“Whence it is evident, that the optical axis of the telescope must have been as neaily in the 
meridian as observation could place it, paiticulaily as we see, moieovei, that the rate of the 
clock did not exceed +0.80 in the twenty four horns, by any of the known stars that were 
observed on tlie same evening Neitlioi could the axis be sensibly out of a state of hoiizon- 
tnhty at tho times when these circumpolar stais wcie obseivcd, passing as they did at their due 
tunes at difibient altitudes; and as the time was indicated coiicctly by stais both to the noitli 
and south, as well as by those that weie high and low, the colhmation could not be perceptibly 
out of adjustment*. Undei these favouiable cucumstances, the application of the eiror of 
Uie clock, of precession^ aberiation, and nutation, solnt and lunai, taken with ihcir piopei 
signs, to the time of (the superior) passage at the middle wiie, as leduccd fiom a mean of tho 
whole numbei of wiics, will give the mean right ascensions of the obseivcd stais due to tho 
beginning of the yeai, accoiding £o the application of the signs, by any of tlio methods ex¬ 
plained in oui fiist volume. As the sidcieal clock, when coriceted, indicates the lime elapsed 
since the vernal equinoctial point passed tho inemhan, which is tho point of depaitiue fiom 
which right ascension is counted, the tune thus shown, when any stai is passing tho middle 
wue of the instimncnt in due adjustment, is tho appaiont light ascension of that stai at the 
said moment, provided the clock has no etioi, and the leductions convcit this into the mean 
right ascension due to the epoch coiiesponding to such leduction. A single result, depending 
on the obseivations of one day, in the present state of practical astronomy, would not be 
deemed siifflcientiy accinatcto be inscited in a catalogue, until it has been confinned, or cor- 
lectcd, by antecedent or subsequent obseivations, oi both, in an aveiage of all winch the 
eriors of obseivation may be piesumed to meige, as well as other accidental oi constant ciiois, 
that may not have been singly detected. But when a mean of manyicsults, coiioboiating 
each othei, has been obtained fiom a supeiior instiumont, the lemaining eiroi will be leduced 
to a very small fi action of a second of time, 

* Professof Littroiv hns remarked, that if tho values of a and i should accidentally bo such, that tho tangent of 
the latitude of the place should he c(|,nal to and « z: 0, all the stars would give the same concotiou of the clock 

Memoirs of the Astronomical Society”, Vol I p 277] 
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8, When a tiansiUnstuimcnt is kept constantly in a stale of pci feet adjustment, it becomes 
the aibitei of the clock’s late fiom day to day, but befoic it can bo asceitamed how much 
the clock isj^s# oi sloxo at any given instant, the apparent light ascension of the object observed 
must be known coiiectly, for in this case I ~ iR =: e will bo the whole ciioi of the clock, and 
iR - I, or e with a contiaiy sign, its collection, and when such collection is applied, we shall 
have M t ± e. To illustiate this mode of piocceding piactically, we will take half a dozen 
puncipal stars fiom the Gieonwich joiiinal of Juno 24,1826, aheady refeiicd to, and first 
compute their collections for converting then moan into appaient light ascensions, thus; 
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We now know, that the clock was fast by I” 12‘,22, taken from a mean of five principal stws, 
and as the rat0 amounted to no sensible quantity m an lioui and a half, that is woith notice, 
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■we may apply this quantity, -with the sign changed, to each of the obseived times, in oulet to 
gam the correct times at which tlie several stars passed the middle wue, and these times di- 
mtnished by the suras of the coriections, now called reductions when the sign is changed, will 
give the mean light ascensions leduced flora June g4< to Jan. 0, 1826, in the following inannci • 
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O ’,00 

Libira . . ! 

14. 4-1 19.94 

~ 3.86 

14 41 16 08 

^ -0 22 

0.00 

/3 Ursffi Mm, 

14. 51 20.28 

- 2,21 

14 51 18 07 

-0 4.7 

: - 0.37 

Coi. Boi, , 

15 27 22.64. 

- 3.04. 

15 27 19.00 

+ 0,08 

+ 0.61 

tk Serpentis . 

15 35 4 . 5.75 

- S.S7 

15 35 4.2.38 

+ 0 03 

+ 0 22 

Polaiis.... 

0 58 4 . 1.78 

-14 .17 

0 58 27 61 

-3 .82 

-1,24. 


4. When wo consider that the mean places of the stais, as given in the best catalogues, 
aie dori'ved, in the way we have heic explained, from the mean of seveial leduced obser¬ 
vations, we must allow that the diffeieiices inserted in the two last columns, except lU the in¬ 
stance of Polaris, are not greater than might be expected from single obsei vations, though made 
under the most favourable circumstances} for they may aiise fiom oiiors of obseivationj 
from differences in the tabular constants of reduction} flora slight unobseivcd inaccutacies in 
the acyustmenfcs of the instruments, oi fiom the assumed mean light ascensions contained m 
the existing catalogues} oi, what is most piobable, in part fiom each sepaiale souice. We 
Will tliercfoie pioceed to compute the leductions fiom the tables and catalogue of the Aatio- 
noraical Society of London, and see what the columns of diffeiencos will become, wiien the 
mean right ascensions foi Jan 1826 are deduced fiom them 


CORREOTIONS DERIVED PROM THE TABLES AND CATALOGUE OP THE ASTRONOMICAL 

SOCIETV 


Stais 

Menu iR for 1826 

Sum of cor- 

Apparent iR com- 



Mean e 

from AstP Soo* Cat 

\ CCtlOIlS 


puted 0 


e 

from 6 stars 

Afetums , . 

: 14" 

1 

ym 

ms, 

43’.S6 

+ 2’75 

14." 


46M1 

+1'" 

12‘9l 


Libtm . . 

14 

4.1 


+ S.S8 

14. 

41 

19.46 

+1 


1 

/3_tJrs8e Mm. 

» Cor, Bor . 

14. 

15 

51 

27 

18.44 
18 99 

+ 2,24 
+ 3 03 

; 14 
15 

51 

27 


+1 
+1 

12 82 
12 84 

+r 12’64 

ck Serpentis . 

15 

35 

42 16 

+ 3.35 

15 

35 

45.51 

+1 

12.48 

1 

Polaiis . 

0 

1 

'58 

28 85 

mm 


58 

41.93 

+1 


j 




i 
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1 

Observed App 7B, 

5=h(AI-0 

► 

Sum of 
dUctions 

flienn for 182(), 
from observation 

i 

Biflf fioiu 
Giccnwicli 

DilF from 

A stroll Soc 
Cntuloguo 

Alctuius . . 

14" T 46’.88 

- 2.75 

14" 7"* 43‘.63 

-OMG 

-1 0 .27 

Libra: . . 

14 41 19 52 

- 3.38 

14 41 16.14 ^ 

—0 16 

+ 0 06 

/3 Ursm Mm. 

14 51 20.86 

— 2 24 

14 51 18.62 

: +0.08 

+ 0.18 

a Coi. Boi. . 

15 27 22.22 

- 3.03 

15 27 19.19 

~0.S3 

1-0,20 

a Seipenlis , 

15 35 45 ..38 

- 8 35 

15 35 41.98 

-0.37 

—0,18 

Polaus ... 

0 58 41 .93 

13 4 OS 

0 58 28.85 

-2,58 

0 .00 

1 .1 ' 


fi. Piom the diffeieiiccs winch wo have thus obtained, tho erioi of the clock appeals to have 
been OHS gioatei than we obtained fiom the Giecnwich Catalogue of 1823, m conjunction 
with the 1 eductions computed fiom oui own tables, without making any allciation in then 
oiigmal constants, and tho diffeiences in the two last columns aio not only diminished ni 
amount, but also icndorod moie equal to one anolhol, than they weic fiom oui flist scucs of 
leductions. But the most remaikablc instance is that of Polaus, which, in oui lust computa¬ 
tion, gives the ciioi of the clock witlim ncaily half a second of tho mean of llip whole j 
wheieas, in the pieccdmg piocess, the eiior arising fiom tho icdiiction of this star chfieicd 
3.82 seconds fiom the mean of tho othei five, and was not thciefore' taken into tho account. 
It becomes a mattci of consideiable intciest to asceitain how this unexpected difference ausos 
in the two loduclions of the pole star. On examination we find, that Mi. Pond has given the 
mean light ascension of this stai foi the Nautical Almanacs a little diffbicntlyui difibicutycdis 
In the yoai 1826 we find the mean 711 of this 3 l.u =:0'' . 07 ” 46'.4 foi the epoch 1823, with an 
annual vauation of +15'.01, and fiom this we obtained by the addition of 45*03 for thiee 
yeais, the right ascension which wo have used above, vi/.. O'* 58'" 3l*.43. In the body of the 
Astionoimeal Society’s Catalogue wo find the polo stiu’s mean M foi 1830 =50" .59'" 10*.G4, 
with an annual piecossion of +1.5’,480} but as the auLhoi has subjoined a small lablc to the 
end of the Catalogue, giving the light ascension of the stai in question for four epochs at in- 
teivals of ton ycais each, and diff'oung upwards oi 10’ fiom the foimor 711, wo judged that his 
intention was to subatitutc this foi the one given m the catalogue, paiticuhuly us tlic annual 
piecession is given also a little diftbicntly, viz. 115’.478; wo thoicfoie substracted 1“ I'.Ql, 
tho amount oi loin years’ precession, fiom O" dO*" 30’ 7^, and thus obtaiucd O" OS'" 28‘.85, which 
is less than Mr. Pond’s light ascension by 2’.58, and which accounts ioi so much of the dis¬ 
crepancy In the Nautical Almanac of 1827 tho mean Al of Polaus is stated, at fhe bpttom 
of page 154, to bo taken at O" 58"'47*.26 foi Jan. 0, 1827, winch,by using the annual vaiiation 
15’.01, would make the seconds foi 1826 .32’,25, even gieatoi than before j but in the years 
1848 and 1829, the same almanac gives the mean Al =0" 58'" 16 ’.7 for 1825, with an annual 
vauation of 16M9 from winch we derive 0" 58*" 31’ 89 as tho mean 7R for 1826 j tins is also 
gieatei than the one we have taken fiom tho Almanac of 1826, and if substituted would in¬ 
crease the gieat difleience aheady existing. On rcfeicnce to our own table of the mean 
places qf the pole stai, printed at page 274 of our first volume, and formed on the basis of the 
latest Greenwich observations, we find that the mean light ascension for the opock 1826 is 

• 3 D 2 
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given O'* 58” with an annual piecession of 14*.997» which iR is somewhat less than ii 

mean between the othei twoj but as tliefe is a diffeience of a second and upwards between 
the sums of the collections aiising fioin the diffeient tables) it is not yet ceitain, whether the 
eiior lies wholly lU the mean dl, oi partly in the collections. One fact however is ceitain, 
that, taking the two causes ns opeiatmg jointly, the computation fiom the data, aifoided by the 
volume of the Astronomical Society, exactly accoids with the present obseivation of this stai, 
and produces but very slight diffeiencesfrom the mean light ascensions of all the otiier five, 

6, As the Catalogue of the Astionomical Society has been published since the appearance 
of oui fiist volume, it may be acceptable to some of our readeis, who may not have puichased 
that valuable woifc, to insert the opeiatious at full length by which the collections used above 
were sepalately computed, which inseition will illustiate the method of using the auxiliary 
nuinbeis incoipoiated in the catalogue and pioceding tables. 

CORRECTIONS SEPARATELY OBTAINED 

Arctmus ...« =-8.7797, 5=-8.5750; c = +0,4.864} a = -8.8m 

>4 = +9.9523} ^ = -1.8083} C =+9.8939, i) =+0.6954 

*1 ■ I .Ml I I ^ ^Iimi ^ I ■ I ... ' lim I ' I II iKft | | | I I I I I II I I ™ I-PI | |m .. ■■ I ^ 11 ^ 

flA! = -8.7320} iJB =+9 .8833, cC = +0.3303, dD =~9 .0106 Sums 
Nat. Nos. -0.054 } ' +O.764 } +2.139 } -0 102 =+2'.747 

**Libifie ... flf = -8.7215} 1!>r:-8.6510} c = +0.5192} d = +8.1437 

.^ = +9.9523} B =-1 3088, C =+9.8939, i) = -0.6g54 

FT- 1 Ti I-ifi I -I I *~ipi~ 1 I I I •<'‘|‘| III ■■■ I -r ~ i I l i !■ r II..mil l*'—1 -*- ‘ * * 1 --1 1 • ~~*- 1 --- -• u p — 1 • 11 1-1 1 II an 1 1 ■ ■m t 1 II . I . I J 

aA = -8.6788} iil = + 9.9593} cC = +0,4131 \ dD~-8 .8391 
Nat. Nos, -0.047 } +0.911 } +2,589 } -0.069 = h3.S84 

iS Urate Mm. a = -9.2720 } 5 =-9.2390, c =-9.4567, d!=-9.2567 

+9.9523} 5 =-1.3083, C = +9 8939, i) =+6.6954 

I * ' — — . - , - f I - -- 1 11 ■ - - n II ~ I ~ • ~ - II — • • i I III -- I 11 - I . • I III • 11 11 - , — ■ . ■ III I 111 I 

=-9.2243} Jj5 =+0.5473, cC = -9.3506, di) =-9 9521 
Nat. Nos -0.167 5 +3.526 , -0.224 , -0.896 =+2.239 

» Cor. Boi. . a = -8.6658, 5=—8.7709, c =+0,4024} ^ = -8 3271 

J = + 9.9523} i? = -1.3083, C=+9.8939, 2) = +0.6954 

■ . 1 . P ■ ■ - ■ . . . --- .P . - .. , .. . I i .w.. ■ ■■ 

aA = -8.6181} = + 0 0792, cC = + 0.2963, dZ) = -9.0225 

Nat. Nos. -0.041 , +1.200 , +1 979 , -0 105 =+3.033 

<t Serpentis . . a = - 8,5966, Z> = - 8. 7349, c = +0.4677, d = -7.6805 

^=1+9.9523} JS =-1.3083} C=+9.8939, D =+0.6954 

aA = -8 .5489, 6J3 = +0 .0432, cC = +0 .S6l6 , dD = -8 .3759 

Nat Nos. -0.035 , +1.105 } +2.800 , -0.024 =+3.346 

Polaris .... a = +0 3584} b = +9.7749} c = +1.1789, d = +0 3583 

' .4 = +9.9523} B =-1.3083, C =+9.8939, 2) = +0.6954 

■i^i< I II B . . I ^ ^ ^ — .■ ,1 ^ ,1 I II ■■■! - I ' ‘ 1 - p I r - mC i nrr I | n J 1 n 1 i-- r i ~ s 

dA = +0.3107} hB = -1.0832} cC = +1.0728, d2) = +1 0537 
Nat, Nos. +2.045} .^12.110} 411.825,} +11,317=+13.(77 
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The logauthma contained in the fiist line of each stai’s correction aio taken fiom the catalogue j 
tliose of the second line fiom Tables I. and IL as they stand opposite Juno 24 in the foimer, 
and by taking pioportional paits horn June 20 and .SO in the lattei, foi the fiist five slais j but 
foi the pole-stai propoitional parts for a, h, c, and d, weie taken also lot the year, as being 
vanable ([uanUties for this stai, on account of its proximity to the pole. 

7 . Some one of the foiegoing methods of determining, from the appaient light ascensions 
of the stais, their mean light ascensions due to the beginning of the cuuent year, aie such as will 
be necessaiy in separately leducing all stollai obsoivations made with an instiument in perfect 
adiustinentj but the eiioi of the clock may be deduced fiom any of those 60 piincipal stais now 
inseited m the Nautical Almanac, as their appaient light ascensions arc computed for every ten 
days of the ycai 5 of which numbei 45 aio also computed under the du ection of Pi ofessor Schli* 
machei, and published in Ins Tahks Aimhates, formcily called Asti onomtseke Hiiystajehi, let 
us now see how our computed apparent right ascensions agree with those included in the 
publications above mentioned, the computations m winch will ficqucntly save much trouble to 
the practical astionoinei, paiticularly 111 gaming e, the piincipal oiior of Ins clock. 


, W ■ ■ ... 

June 24| 1826* 

App* TR by Schu- 
mnolier 

e 

App ili by Nout Aim 

1 

-^r M-*t- ■■ nfci ii ■ ■ 

1 

€ 

Aictiuus .... 

14" T 

+ 1™ 12’.62 

14" T 46’.60 

+ 1* 12’.42 

os* Libi'sc . . . > . 

14 41 19.55 

+ 1 12.61 

♦ ♦ 1 * • ♦ * * • 


/S Uiste Min. . . 

14 51 20.97 

+ 1 12.53 

14 51 19.11 

Hi 14.39 

u Cor. Bor. . . . 

15 27 22.38 

+ 1 12.48 


« * ^ « 

» Serpcntis ... 

15 35 45,54 

+1 12.43 


• • t • 4 t 

Folaiis. 

o 

OQ 

+■1 11.49 

0 58 44.28 

H 1 9 .72 


Mean = 

+1 12 .36 

Mean = 

+ 1 12.17 


The computations contained in Schumacher’s publication give a mean right ascension which is 
nearly an average between what results from oiu constants, and fiom thoso of the Astionoinicai 
Society’s catalogue, and, except m tlie case of Polaiis, the computed errois accoid witli one 
another very satisfactoiily 5 they are used in many of the continental obscivatoiies, for the 
purpose of regulating the tunc of their clocks, and save the obscivois much computation, by 
giving the appaient places by inspection. The examples which the Nautical Almanac of 1826 
contain, aie not only limited in then number, but, being computed fiom Di. Maskelyne’s old 
tables, are not alike coirect; it theiefore became tunc to adopt more accuiate tables than had 
been previously used, and accoidmgly Di. Young, fiom this time, has voiy judiciously not only 
had lecourse to othei moie lecent Tables, but has extended the numbei of stars to 60 , which 
in future will gieatly contubutc to supply the wants of the practical astronomer. 

8. There is, howevei, still a consideiable diffeience in the computed 'i‘l|[ht ascensions of 
the Tables AwtUares and of the Nautical Almanac, as they regaid the pole stai, which differ¬ 
ence is partly derived fiom the difference of the mean light ascension of this stai assumed by 
the different computeis, and partly from the. other elements of computation j and as the 
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deviation of the transit-lnstuunent’s position is fiequently derived fiora tlie times of passage of 
this stai, it is of nnpoitaiicc to piactiCcd astionomy that this diifeiencc should be eliininaled. 
To show what is the vaiying amount of the diffctence we have noticed, we will subjoin a coin- 
paiative statoinont foi diffeieiit months of the yeai 1827, as the light ascensions appeal in the 
said woihs. 

M of POLAUIS foi I827. 






Niiuticftl Almunflc 

Tables Auxihaies 

Diff 



Nautical Almanac 

Tables Auxiliaies 

Dill 

1 

L 

Januaiy 

0 

0 “ 

59 ™ 

10’.50 

0 “ 

59”' 

O’.O.'} 

1*47 

June 

29 

0 “ 

59"‘ 

7.86 

0 “ 

59"’ 

6'.81 

r,05 

20 


58 

56 .09' 


58 

53.82 

2.27 

July 

19 



23 .74 



22 4.5 

1 .29 

Febiuaij 

9 



42 92 



40 .09 

2.83 

August IS 



42.12 



39.41 

2.71 

Maich 

1 



32 .73 



28 79 

.3 .941 

j Sept. 

2' 



53 .77 



60 413.36 


21 



2b 90 

1 

1 

23.00 

3.84 

j 

22 

1 

0 

1 .39 



57 27 

dQ 

Apul 

10 



26.07 



22.32 

, 3.75 

Oct. 

12 



4.14 

1 

0 

0.58 

3.56 

30 



30 58 



28.20 

2.38 

‘Nov. 

1 



1 70 

0 

59 

58 .47 

3.23 

May 

20 



39 79 



37.98 

.81 


21 

0 

59 

54.44 



52.48 

2 96 

.Tune 

9 



52 b7 



51 ,91 

0.76 

Dec. 

11 



43.21 



41,44 

1.77 


29 


59 

7.860 

59 

6.81 

1.05 


31 



29 .41 

t_ 


28.06 

1.35 


9 . Spinetimcs the eiiorof the clock is deiived fiom the obseivcd tiansit of the sun, by 
compaiing the tune shown by,the sidcieal clock with his computed light ascension foi the 
given day,, as insoitod in the Nautical Almanac, 01 Connansance des Terns, but as the evapora¬ 
tion, which IS always going on when the sun shines, is unfavouiablo to the steadiness of tills 
lummaiy’s appaient motion, and as thcie is supposed to be a small enoi in the solai computa¬ 
tions, Obscivations of the sun should not be depended on foi giving the time conectly. On 
tlie S'lith of June, 1826, foi msUnce, the obseivcd tunc of passage of the sun’s centre, as given 
in oui specimen of tlie Gieonwichjouinal, was at &' 11“ 28’ 86, and his computed light ascen¬ 
sion, as contained in the Naulictil Almanac, foi the same moment, is 6“ 10'" 15’.8, so that the 
diffeience (^— Al) is 1"* IS’ 06, 01 laigci than the average erioi obtained fioin the stais, by any 
of the methods of computation, by fiom foiu to eight tenths of a second. 

10 We coino now to considci the moic complex case of lediicing the obseivcd tunes into 
mean light ascensions, when tho obseivations have been made with the tiansit-instrumcnt a 
little out of adjustment with lespect to both hoiizontality and colliination, as well as out of the 
meiidian 5 m tins case not only does the clock show the time of the stai’s meridian passage 
eiioneously, but the instniinent obseivcs the stai out of the moiidian fioin its want of the pioper 
adjustments. The fiist computation theiefore must be that which gives the whole collection, 
e, of the clock, the second that which conveits the collected lime into apparent right 
asctension, by means of the collections of the instrument, and the thud that which, by means of 
the reductions, finally tmns the apparent into the mean right ascension due to the beginning of 
the current yeai. Piofessoi Littrow has shown, in the first volume of the Memoirs of tho 
Astronomical Society of London, but by a diflfeient notation, that the conect^on for the wholo 
etroi of the (Jloqk may be taken thus, 
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as determined by our formula ( 2 .) [§ LVIII. 5.], or as taken fiom our tables A and C, alieady 
exemplified, secondly, this collection of the clock must be applied in conjunction with the 
eiiois of the insUument, e', e", e“', letaming then pioper signs, to the time (f) of the observa¬ 
tion, to obtain the apparent right ascension of the star 5 viz. Al = ^-|-e+e'+e"+e"' 5 and lastly, 
tlie piecession, abeiiation, and nutation, lunar and solai, must be applied to the appaient to 
conveit it into the mean light ascension, due to the beginning of the cuuoiit yeai. We will 
take, as oui fiist example, the observations made with apoitable tiansit-instruinent of 6 BooUs, 
«* LibiJfi, Spica Viigims, and n Uism Majoiis, as iclated in ihc section last lefeiied to, wheii 
the instrument was out of the meiidian, but was otherwise adjusted, so that e', the eiioi aiising 
fiom a, the azimuthal deviation, was the only one that affected the in&tiumont, though the 
clock’s collection was At—/—e', which in this instance constitutes the whole citor e, ' 


Exampi,u I —FOR THE Al^PARENT RIGHT ASCENSIONS OF FOUR STARS. 


1 i . ... 

k 

Mny 25, HJ2r* 

Jiino 2, 

JunolO, 10-^r 

* Hootls 

a* IJbrn) 

1 Bootk 

«' Ubira, 

iSpicn Vligf 

El fill’ Mnj 

1 

ti tit 4 

V t tit <14 »« 

Jt 

4 1 t * > * 

11* 1 11 ♦ 1 • t 

14“ 37"* 2B’ ()1 
14 33 4.8(1 

14“ 41“ 23*.04 
14 30 1 83 

14“ 37“ 28* 00 
14 39 213 

14“ 41“ 83* 06 
14 42 33 44 

13“ 10" 0*.36 
13 10 20 01 

18“ 40" 45’.41 
18 41 0.04 

+ 2 24 03 

-I- 2 10 

+ 2 21 00 
+ 4 32 

— 1 88.27 

— 2 03 

— 1 80.30 

— 6,61 

~ 0 21 60 
+ 0 07 

— 0 20.08 
+0 04 

1 

(Jtll 1 444 t 

VOllli ti t II 

App 

+ 2 20 21 
— 2 10 

1- 2 *2(1 21 
4 62 

*—' i 36 90 

^ 2 03 

1 - 1 33 00 

h 3 61 

— 20 6‘) 
— 0 07 

20 60 

0 04 

14 37 20 01 

14 41 23 01 

14 37 28 00 

M 41 28 06 

13 10 a 86 

13 40 46 411 

Sum of the Eeduc 

Mean At, 1027 . 

— 8 33 

14 37 23 38 

~ 410 

14 41 10 04 

— 0.10 
14 37 26.0(1 

— 3 02 

11 41 10 48 

— 3 02 

.13 10 383 

— 2 60 
13 40 43 82 

By the Kimt Aim 

i. 

14 37 2B 12 

14 41 JO 07 

14 37 20 12 

14 41 10.07 

13 10 3 60 

13 40 48,10 


11 . Fiom an inspection of the picceding computations It will appeal, that when tho 
whole collection of the clock, denoted by c, is dcleimined fiom any one well known star, tho 
same conection may be applied to the ohset ved time of any other star takon within the same 
hour, provided the clock’s rate be inconsideiablo j winch application will greatly abridge 'tlr© 
deteimination of the apparent right ascension of such second stai } for by applying in our 
case the collection e, gained fiom s Bootis, to the obseivcd time of jiossage of «* Llbwe, to¬ 
gether with e' due to the lattei, we have the appaient right ascension of a* Libiai without fur- 
thei tiouble: and the same maybe said 6 f Spica Viigmis and Uisec Miyorisj ot of any 
other two, thiee, or inoie stars observed successively on the same evening. But it may be sa« 
tisfactoiy to compute the right ascension ot the last stai, when the interval is more than an 
hour, or otherwise take a star foi the last, the light ascension of which .is already computed, 
and given in the Nautical Almanac, or Tables AwlUares, which will opeiate as a check on tlie 
determined light ascensions of the other stais, Wc have here competed the sums of the pre- 
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cession, abenation, and nutation, solar and lunar, fiom the Tables published with the Catalogue 
of the Astionomical Society of London, as being paiticulaily convenient foi the icduclion of 
single obsei vations, butfoi obtaining daily appaient places, ot those foi eveiy successive ten 
days, we considci oiu own I’ables, now used by the coinputeis of the Nautical Almanac, much 
moie seiviceable. When it is lecollected undei what cucuuistanccs the obscivations hcie re¬ 
duced weie made, and with a poitable instiumcut too, the difTcionces fiom the Greenwich 
mean light ascensions foi Jan. 0, 1827 come out much smallei than we expected, and piovc 
how useful such a small tiansit-insliument may be made, by taking a mean of seveial obser¬ 
vations with it, when duly adjusted and caiefully used. 

12. Foi oui second example we will take a case still luoie complex, wheio the instrument 
was not only oiit-of the tiuc meiidian, but had its axis not peifeclly level, and its colhmatiop 
also out of adjustment, when the obseivations weie taken Piofcssor Littiow has supplied us 
with a case of this desciiplion, and has lecoidcd the obseivations made at Buda m Hungary 
with a six-feet tiaiisit mstiument made by Reiclienbach, of which we will now avail ouiselves, 
making only such altoiations in the piocosses as aiise fiom a diffcioncc of the notation. In 
this case the azimuthal ctioi a, the inclination l>, and defect in the colhmaiion c, aic not pre¬ 
viously given, but lequiie to be deteimined fiom the obseivations themselves, which weie ns 
follow. On May 18, 1822, the pole-stai was obseived at both the upper and lower culmina- 
tions, for the puiposes of deteimming both the eiioi of colhmation, and the azimuthal error 
of position j the cye-piece had seven vei tical wires, and when the stai had passed Ihiee of the’m 
in the usual position, at the upper culmination, the tune of passage at the foiiith or middle 
wile, = r, was computed from the known values of the intervals, and the stale of the axis 
examined by the level, both which were found thus, viz., 


f 


tieducedsO*' dT IS’.S 



e=37.0 

WsS'l ,5 


(j'=:32 .5 

tt»'s39,0 


The axis was tlien leveised, when the three wires, that had been observed before the central 
wire, Were now found at the opposite side of the field of view, and weio again tiansited hy llic 
stai, when the tune leduced to the middle wiie, and also the indication of the level became 


^1 educed = 0'' 57"' 13*.4» 


0=41.0 
tt»=30.5 


e'=3S .3 
wV33.2 


the valqe of h, oi of one division of the level, being =0".71 — 

On May 19, the following obseivations weie made m th^ usual position qf the telescope, 
reduced to the middle wue viz 


I 


Pole star . . 

Sums . . , 
Procyoii . . 

et Hydiae , ; 
Kegulus . , 

Pole star S.P 




0" 57“ 13'.50 



e=38 .9 
!i!>=S4.2 


. 6 37 55.97\ 

7 30 37 , 01 /0=40 .2 

. 9 19 29.01fa'=33a 

. 9 59 S2.n) 



OrpSe.O 

tt)=86.0 


e'=39.0 
«a'=34.5 

0 = 37.7 

w'=35.4 

e'=S3.0 
5®'=39 .0 


the daily rate di the clock being + 0M51 andi = 0.01183 j 


5 
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IS. Now if we call the inclination at the fiist or uppei culmination i, and at the second 
or lower aftei leveision 5, then by oui foiiniila 

0*,01183 X (w +'w‘)—(e+e) 

we shall have Z>=0.01183 x4=0*.04.7S2, and b-0 .01183 x -15.6= -OMS^SSonMaylS, on 

which day we have foi the pole stai J=:88® SI' 32", L, oi latitude of Buda, =4i7“ 29' 12",and 
cos (L—5). sec 3= —26.4: then by oui founula given at page 331, we have the eiror of 
colliination 

t (#—f). cos ^ +7 (b—b) cos (JD—thus, viz. 

-2‘.45 . . “.log. —0.38917 

Cos 88” 21' 32". 8.45695 

-8.84612= -0.07015 

I * . . M ii mM— " M l li 

4(&-5)= .0685 .log. 8.83569 

/ 

Cos(I,-a)40” 52' 20".-9.87802 

-8.71431= -0.05180 


c = -0.12195 

14. Having determined the inclination of the axis at both culminations ol’ the pole star, 
and asccUaincd the error of colhmation due to the 18th of May of the given yeni, we must 
111 the next place dctoimipo, fiom the tunes of the tiansits above and below the polo taken on 
May 19, the azimulhal crior, which, as well as tlic ciior c, may be taken as applicable to the 
obsoivations of the foui othci slais obscivcd on that day^ foi the ouoi c is less vaiiahlo than 
the cuor in the honzonlahty of the axis. If the axis liad been levelled, and the colhmation 
collect at the tunc in question, the eiioi a would have been found fiom our circuinpolai foi- 

I _^ 

nuila (1), VIZ. < 1 = 7 ,-T. cotang a; but asnoneoftheadjualmcnls weio coucclwomust 

^ COS Jl/ 

add to the quantity thus obtained h * and then the sum. 

^ ^ 2 . cos L. sin h 

of the two will be tiuc a. LVII. 70 wo must first know b and h\ the inclinations of 
the axis on tlie 19th, befoic and aftci an inteival of twelve boms, as being due to the times of 
the two culminations of the pole stai, because these aic the quantities wc now want in our sup¬ 
plemental compulation. Wo will keep the parts sepaiate. At the uppci culmination of'the 
pole stai oui founula foi finding the inclination from the, states of the level, in the reveised 
positions, gives us 5 = —0.109, and 5=5 + 0.071. 

Then foi the fiist pait wc have 

;~f-12'*=-24“.47 . . .log. -1.38863' 

2 Auth. Comp. 9.69897 

Sec of latitude 47“ 29' 12" . .. . 0.17021 

Cotang J. . , 88 21 32 . 8.45713 


First pait —0.51872 


9 .71494 
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Foi the numeiatoi of the second pait, 

- 0.109 .-9.03743 

Cos (i-^) 40° 52'go" ...... ... -9.87862 

^ 'll II11 111 

5.cos(Z»-^).'• • • + 8 . 91605 = +0.08342 

ft's:+0.071.8.85126 

Cos (L + 135° 50' 44", or 44° 9' 16".- 9.85580 


ft', cos {L + 3) to be subtracted . . 

» • « * 

, . - 8.70706 = 

- 0.05094 

Rcmaindei .. 

Add 2 cor 2 X-0.13195 . . 

* # * # 

* « * * 

* « « • # # « 

+ 0.13336 
-0 24390 

Sum of ft . 003 (2/—5)^-5' cos (2/ +3) + 2 c . 

« * * « t • 

-0.11054 

Sum of the uumeiator —0.11054 . 

2...... *. l^S* 

Cos L 47° 29' 12". 

Sill ^ 88 21 S3 . , . , 

0 solos' 

9.82979 

9.99982 J 

...... log. 

1 Subliact the sum of 
^ the denominatoi s 
' logai ithms. 

-9.04391 

0.13064 


Second part, Nat. No, .... 
Fust pai t add. 

Azimuthal error a -. 

0.08190 

-O.5I872 

-0.60062 

4 4 » * • « t 

-8.91327 


15. We have now foi the foui othei slais «=:“0 60062, c=;—0.13195, .'lud 

ft= —9 .4 X .01183=: -0.11120, all which aioveiy small quantities, to cleteimme the sum o( 
the cowections, e, of the clock, depending on the deviation and impcifcct adjustments of llu' 
transit-instiuinent, winch may bo thus aiianged. 

For ran Correction of iiin Clock. 



Sirius 

Piocyon. 

it Ilydiai 

Eegulus 

1 

jCLv • ♦ * » 

' 6" 37"' 18’ 49 

7'' 29” 59’77 

9" 18“ 51.61 

9" 58™ 54’ 82 

y * ♦ • • 

6 87 55.97 

7 so 37.01 

9 19 29.01 

9 59 32.11 

iEl—/ . • * 

-37 48 

-37 24 

-37.40 

-37.29 : 

' ^ * 

0.56 

0.40 

0 50 

0 35 

1 . • . 

0.05 

0.06 

0.06 

0.09 

1 , # » 

0.13 

0.12 

0.12 

0.12 

While cor. = c 

J 

-36.74 

—36.66 

1 

-36 72 

- 36 ,7S 
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In tins type the quantities e', e", and e'\ which may be cither computed, or taken fioni oiu 
logaiithimc Tabic C, contained in § LVIII. when considcied as eJTors have each a negative 
sign, but, when put as corrections of the clock, aio made positive, in oidci to be subtracted. 
We have then the mean of the whole collection taken fiom the foiu stars, e=zM—t-e—e"—e'" 
■r: “36’.7125, which hoiaiy collection applied to the obseived tune of any othei star’s passage 
ovei the middle who, togcthei with the eiiois of the tiansit instiument c'+e'+e"' will give the 
lespeetive appaicnt light 'iscensions of such stais, supposing them to bo obscivod with the iu« 
stiument unaltcied in all icspects, provided that apiopoitional pait of the lato foi the inteival 
between the observations be added to oi subtiacted from <?, when that inleival and lato aie con- 
sideiable. In oiu example the mean of the times coiresponding to the mean collection of 
the clock was 8" of sideical tune. 

16. If the apparent right ascensions of the three last stais had not been known from com¬ 
pulation, we could have easdy obtained them by applying the tiuc collection of the clock (e), 
as deuved fiom Sams only, in conjunction with the eriors ofthc tiansil-instiument icspectively 
duo to the several stais in the following manner} 


Fob the EjoHt Ascensions. 



Piocyou 

»II) ih fB 

Hcgulus 

t , , , 

^ 0 « ♦ 

\ € * , « 

7" 30"' 3701 

-36. 74 . 

— 0.40 

- 0.06 
- 0.12 ’ 

9" 19’" 29‘.01 
~ SO .74 

- 0.50 

- O.OO 

- 0.12 

9 " 59'" 32M1 
—3G .74 

- 0.35 

- 0.09 

- 0.12 

App. Al . . 

Pieccssion . . 
Abci. . 

< Nut. . . 

O Nut. , . 

7 29 59.09 
— 1.20 
-I* 0 .80 

- 0.75 
+ 0.06 

9 18 51 59 
- 1.12 
+ 0 .24 
- 0.62 
+ 0.05 

9 58 54.81 
- 1.22 
+ 0.01 
- 0.84 

+ 0 »0G 

Mean Al 
Gioenw". Cat. 

7 29 0.00 

7 29 59.03 

9 18 50.14 

9 18 50.55 

9 58 52.82 

9 5S S3 .09 


We have hcie taken the leducllons from the appaicnt to the mean right ascensions for the 
epoch Jan. 0,1822, out of oiu own TAnim of the Cobbections fbi ibity-eiglit stars by in¬ 
spection, as they stand Ihcie, but with coiitiary signs. The moan diffcionce between the 
mean light ascensions heie deteirained fiom single observations, with the insti’uinenl deianged, 
and the Greenwich last Catalogue, is -pO’.'liS, and the moan right ascensions of all tho stais 
weie iiicieased by 0’.31, the supposed oiioi of the equinoctial point, in tlie yeai 1828, in tho 
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Catalogue of 1820, which addition has piobably been made after too small a number of equi¬ 
noctial*' obseivations of the sun 

17 . When several stats have been obseived on the same night, and the collection of the 
clock has been detei mined caiefully fiom two known stars at the beginning and end of the 
obseivations, the reduction of the observed tunes into appaient and mean light ascensions may 
be aiianged in the light ascension book in one Table, accoiding to the subjoined form viz. 


Stnis^ 


Correction 
o( Clock 

i 

€ 

Concctions of tlie Instnt 
monti 

Apparent /R 

Pieces 

sion 

Aborinr, 
tlOQ 

Lunar 

Nu 

tutlon 

Solnr 

I’Ju 

ttitlon 

Moan iR 

for 1822, 


. 



—80* 74 
—80 74 

~8G 74 
—30.74 
&o 

—0*50 
—0 40 
-0 60 
0 36 
&o 

—O' o.> 
-0 00 
-0 00 
-0 00 
Ac 

-0‘ 13 ; 
^0 12 
--0 12 
•-0 12 
&,c 

Qli 4Q 

7 29 59 09 
9 IB 61 69 
9 60 64 81 
&-0* 

- 1 * 00 
-121 
-1 12 
—1 22 
&c 

4 I’OO 
+ 0 03 

+0 01 

Ac 

-0* 69 
--0 76 
—0 62 
—0 04 

&.C 1 

+0*06 
4 0 06 
-j-O 06: 
+ 0 00 
Ac 

Qi. 37«. 10.01 

7 21) 60.43 
9 10 50 l‘l 
0 60 62 02 
Ac. 

Siruia 

Pi Qcyoii 
\(c Hydreo, 
Pcgu!iia 

flh a?" 97 

7 30 37 0 

a 10 20 01 

0 GO 32 11 
Ao. 


In the thud column we have taken the ciioi of the clock as given by Sinus, the fiist star, for 
all the othei stais ^ because the lalc was too small to be of any impoitance, the propoition 
for the whole interval of 3" 20™, between the first and last stais, being only -f-0’.02, but gene- 
lally it may be necessary to apply the propoitional pait of the latc, with its contiaiy sign, os 
an additional portion of the horological collection e. 

18. Professoi Littiowmade sin (L-J),soc^=;>», and cos (i—J). seG^ = 7i, which are 
the tabuhu quantities belonging to om iogaiitlims in Table C, so that instead of e' he puts a »», 
and for e" ho uses a n, otherwise his method of proceeding accoids with oitis exactly The 
following specimen taken from one of the volumes of Littiow’s Obseivations will fuithei explain 
his mode of reduction, which we have adopted. 


y Leonis 


: Date 0 * the 01>- 
BGi vations. 

Mcmi icilncu) to 
inUC nirc 

1 

Coi lOCilQIl 
of Clock 

1 

COMCC 
ot Inst 

Abel la* 
lion 

Nutation 

Picces- 

sioii, 

Mean fot 

lOSJl 

1021 Dec 20 

10'> 12“ 33* 70 i 

-143* 71 

-■O* OG 

—0 70 

—0 70 

^3,23 

10>' 10“ 6’ 16 

1822 Jan t 

12 44 10 

—183 02 

-0 40 

—0 00 

-0 77 

-3 60 

6 13 

Feb 20 

10 2 40 

+ 0 GO 

1-0 24 

35 

—0 07 

-3 77 

6 63 

&c 

1 - . 

1 &c 



See 

► 

i 

&(} 

. 

Ac 

y _ 


Then the mean 'of the whole number of leduced observations will give the mean right as¬ 
cension suitable to boanseited in a catalogue, piovidecl the clock’s collected time be true si¬ 
dereal time, as it legaids the vernal equinoctial point. 

19 In the othei continental obscivatoiies, paiticulaily in Bessel’s and Struve’s, Iheletteis 
m and w ate used to denote expressions cUfieicntfiom Littiow’s, and as they appeal in com¬ 
pany with the letter c at the head of every day’s observations in the jouinal of light ascensions, 
it wiU be pioper to point out the signification of those teims, and the mode m which they-aio 

' ' ^ ' * Vide Connawanae des Temt, 1029, pj 318—321 

<T, - 

f?- |l 

I 
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applied in effecting the collections. In Bessel's Fwidamenta Asitommai, the author says that, 
if we put 

mzs.a sm Z + & cos Z 
n— —flfcos Z + 6 sin Z 


the foimula which we have adopted, as the basis of oiu coriections, flist given by him, viz,, 

jn , , , sin (Z—J) , ,, cos (Z—, c 

jB.= i + r + fir. —i—+ o. —i—t—-5, 

cos 0 cos 0 cos 0 


maybe con vei ted into iIl=#+r + ?»+?i. tang J i-c.sec 3 , where r is the coriection of the 
cloch. When none of the eiiois «, ft, c, is known, it will be iiecessaiy to obsoive thico stars, 
as we have dnected [§ LVIII. '1.] by means of which wo may doleiinino (t + «i), », and c •, 
but if c be known 01 =0, then two will be sufficient, but r and »i cannot be separated, nor 
can the exact tune of a stai's passage be dcteimincd, but only the diffciences of the times, 
which aie competent to give the lelativc light ascensions. But if either 0 or 6 be known, we 
have 

»!=:« colang Z-f a coscc L—~~n tang Z + 5 . sec Lt 


Hence it appeals that Bessel's r is our e, his m our d, and his n our v. Wo have seen in some 
of the pieceding specimens of a journal of transits the values of m, n, and c prefixed to an 
evening’s woik, wheie ni applies, as a collection of time, nhko to all the slais, and the last co¬ 
lumn contains ±w,lang^±c. sec 5 as a separate collection to be united with m foi each indi¬ 
vidual stai , and when the tiue time of the clock (/ + r) is known, the application of m + n, 
tang J - 1 - c . see 5 will convert the said time into light ascension 5 and 111 tins way the reduction 
of the observed times into appaicnt light ascensions may likewise be effected. 

20. We will conclude tins section by giving an example of the Giccnwicb plan of re¬ 
ducing the obseivccl times of the slai's mciidian passages, to coircspomling moan light ascen 
sions, due to the beginning of the yeai, as practised by Di. Maskolync, who, like Mi, Pond, 
kept Ins transil-mstinmcnt in tlic mcndian, and in propci adjustment. Considering the moan 
1 ight ascension of a Aquilm to be known, 01 very neaily so, tins excellent astionomer com¬ 
puted the appaicnt light ascension of the said star for llie day of observation from his Tables, 
and compared it with the obsei vod tunc of passage by his clock j the difference between the 
computed Jll and the obseived lime was called the reduction of * Ajuilo}, and might have been 
called the etror qf the clock as deduced fiom this star, since his tiansit-mstruinent was coiisi- 
deied free from euois. The rate of the clock was always known by comparative obsei vatious 
of « Aquilm on successive days, so that a pioportional part of it could bo taken and applied to 
the reduction of a, Aquilae, to gam the same foi any other star, pieceding or following j 
and when this alleied 1 eduction was applied to the obsei ved time of the said preceijlin^ or 
following star, accordingly as the quantity lequiicd to bo augmented oi diminished, it 
gave the apparent light ascension of such star without further computation * tiller which tins 
apparent was reduced into mean right ascension in the usual way, by the implication of the 
tabular leductions to fix( the epoch. The following scheme, taken fiom a Greenwich manu¬ 
script, will explain the process for five stais, observed Soptembei @6th, I8O6, on which day the 
late of the clock, as given in the volume of that year, was Us- O',68 , the assumed iR of 
a AquiltE, for the beginning of the year, being 10 " d<l® 18 ’, 83 . 
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Septembei 20, 1806. 


Stars 

Tiaiislts by Clock 

Keduc 

tioiis 

Aiipiicnt iR 

--- 

— 

Tab 

XVI r 

Tab 

xviir 

Sum 

Mean 7R looe 

|)p of 
mulyiatc 1 

Aictiuns . 
ft Hcrciilia 
Aqinlas « » 
«C5gm ,, 

(t Pcgnsi * Ml 

1 

14'* C"' 41* 00 

17 a 41 12 
10 41 12 .M, 
20 34 42 o7 
22 63 0 78 

+0 25 
+0 34 
+0 41 
+«) 43 
+ 9 60 

14'' 0" 60*31 

17 6 60 40 

JO 41 21 95 
20 31 50 00 
20 66 10 68 

-0* 07 
—1 05 
-1-2 61 
-2 47 
—3 37 

—o'aoj 

—0 90 
-1-1 12, 
-0 77 
-1 07 

—1* 83 
-3 01 
-j-3 00 
—S 24 
—4 44 

141. oi« 48*40 
17 6 47 76 

19 41 18 32 

20 34 48 70 

22 66 5 04 

—1»10 
-0 07 

•fO 02 
-f-0 00 


Accouling to tins mode of leduction all the stais aie affected with the same common eiroi, 
vvhatcvci tliat may be. Table XVII of Di. Maskelyne contains in one sum, the jiiecession 
flora the beginning of the ye*u, the abeiiation, and solar inequality of piecession, togothei 
with thepiopci motions ofAictuius and of « Aquilse, viz., -0’.09Sfoi thefoimei,and +0’.038 
foi the latter, and Table XVIII. coinpiises the equation of the equinoxes and deviation oi hi 
nar nutation but his coc/ficients aie no longer in use. A similai method of roduction is, we be., 
lieve, still practised at the English Royal Obsei valory, and a mean of many days* obseivations, 
sepalately reduced fiom modern Tables, supplies the mean light ascension of the Catalogue, 


§ LXIII —ON THE CORRECTION OP RIGHT ASCENSION COMMON TO ALL THE STARS 
» 

1 . When a number of stars have had theii mean light ascensions determined by any of the 
methods explained in our last section, whcie a fundamental stai has its moan light ascension 
assumed) to which all the othcis aie lefciiecl by their chffeienccs, they will all bo chaiged with 
the on 01 in time, which may happen to belong to the said fundamental slai j and it is an ob¬ 
ject of the utmost impoitance to tho piactical astionomei, to asccitain the existence and 
quantity of such common erioi, befoie he constructs his catalogue. Thepiincipal difficulty lies 
in determining the vernal equinoctial point, commonly called the fiistpointofaiics,foi any given 
day 5 foi as this is the zeio point fiom which the light ascensions of all the stais aio counted, 
and yet is a vaiiable point in absolute space, some method of delcimimng it by obseivation is 
essential to the accuracy of all measuies of distance taken from such invisible zero. When 
we select a piincipal star out of any catalogue, and ieduce its mean light ascension, belonging 
to tho epoch, to the apparent right ascension of the evening of observation, by means of tlie 
tabulai collections, we may indeed put the suleical clock of an obseivatoiy in motion, when 
set to such right ascension, at the instant when the said stai is ciossmg llie muddle wire of a 
trattlit-instiument, m a piopcr position and state of adjustment, ami by knowing the late of 
the clock, we may detcimine the instant when the point 0'' 0® 0’ is passing the exact me¬ 
ridian ( but if the catalogue has any enoi in light ascension, or if the constants of piecessioii, 
aberiatlofi, and nutation be not perfectly con ect, the point thus passing the insti ument will 
not be the A'ittt xero of light ascension at the existing moment} the point wanted is that in 
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svhich the ecliptic ciossed the equatoi at the time of the stai’s passage. This point might ho 
computed flora the solai Tables, but the icsult would bo objcctionablo, as paitaking of the 
eirois of those Tables, that, aftei all then lectilicatioiis, may still exist. 

2. The most satisfactory means to adopt will be, fiist to find the sun’s mean light as¬ 
cension, by compaiing the tiansit of Ins centic with the tiansit of the fundamental stai, ov 
with the tiansits of several piincipal stais, lelated to it by known dilFeioncos j and secondly by 
computing, fiom Ins decimation deduced fiom Ins observed zeinlh distance on the same day, 
from the obliquity of the ecliptic at the lime, and the known latitude of the place, the light 
ascension due to the raomcnl of the mciidian passage. These opeiations however must be 
peiformed'on seveial days, ncai both the veinal and luiUimnal equinoxes, winch may aftci• 
wards be so paired, that the sun may have nearly the same declination on each day of cvciy 
pair j and it is important that Ins daily change of declination be not less than 20' on any of the 
days chosen. When the light ascensions deuved fiom a compauson with the stars ncai the 
first equinox aio put downm one column, and those dcuvcdfrom thcobseivcd decimations are 
put down in anothci, ns belonging to the same days, wulton in the fiist column, Iho dinbiouccs 
may be placed m the same hoiizontal line in the fouith column with then piopct sign, +oi —, 
accoulingly as the sun’s jH flora Ins declination is the greater or less; then, when the same 
aiimigcment is made for the corresponding days of observation at the latter equinox, it will 
be seen, provided thcie be an enoi in the assumption of the fundamental star’s light ascension, 
that the sign m the column of vernal diflbicnces will be of one denomination, and that of the 
column of autumnal differences the contiaiy , and half tho'Siun of each pan of ooricspondmg 
differences will bo tlie coneclion due to any individual pan of vernal and autumnal observa¬ 
tions , and consequently the mean of the whole of these half sums, will bo the mean cor¬ 
rection, with its piopei sign, to be applied 1o the assumed light ascension of the fimdamenlal 
star, and to the light ascensions of all its descendants. 

3. Wc wcie favouicd with the copy of a Gicenwich inanusciipt, a few years ago, winch re- 
coids ten pans of corresponding obscivations of « Aquilm in an unknown year, and as many 
paiis of solai observations ready computed, wlncji will supply ns with a suitable example for 
illuslialmg the piocess we have proposed, as well suited to piaclicc, for coi reeling assumed 
light ascensions. 


EXAaiPLE 


Yoinil I^rjulnox 


AuOimiinl rfpilnex 

_._ _,_ _. ■ L 

■■ li 111 1^1 

ii 1 ■' 


Days 

ban’s ill by 
btaifl 

Sun's /II by 
Declin 

Diir 

Days 

Sun’s /ft by 

SlAlSi 

Smi’a /Ji by 
Dcciitu 

Diir. 

Slims 

erdiO; 

} Slims 

February 17 

330“ 23' 24" 0 

330“ 24' 40" 6 


October 20 

210“ 12 16"0 

210“ 11'65" 8 

— lf>".7 

11^ 

+ 1' 10 

is, 

335 11 20 2 

335 11 44 0 

+ 10 7 

20 

201 20 6 2 6 

201 20 31 7 
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ON THE CORRECTION OP RIGHT ASCENSION 


4i. Accoitling to this method, if there should be any enoi in the tables of lefraction, or 
of file sun’s paiallax, when his decimation is computed fiom an observed zenith distance, or 
if the obliquity of the ecliptic and latitude of the place should be assumed euoneoiisly, the 
euois both in the declinations and light ascensions will have contiaiy signs on each side of the 
equinox, and when the obseivations are.taken equidistant fiom eithei equinox, and equal in 
numbei befoie and aftei tlie points of no declination, those eiiois will be equal, and, having 
contiaiy signs, will annihilate one another. If we call the coircctioii in light ascension to he 
found A’, and put M and i? for the light ascensions of the sun, computed fiom a compaiison 
of Ins passage ovei tiie roeiidian, with the transits of the stais having an assumed right as¬ 
cension, the foi nier befoi e, and the latter after the equinox? tlicn his true light ascensions 
will be denoted by (JB+ip) and (5’+^*): also let the sum of the eiiois aiising fiom wiong data 
in the left action, paiallax, obliquity, and latitude be called then the light ascensions in- 
leired fiom the decimations will be respectively (R + A’+y), and (S+x—y), from each suh- 
tiact JR and »S', the light ascensions of the sun infoncdby the transits fiom the assumed places 
of the slais, and theio will leinain iP+^and x-^y, half the sura of which is the cor- 
lection to be applied to the assumed light ascension of » Aquiltc, and of the other stars con¬ 
nected witli it, that woic coinpaied witluthe sun. Also half the diffcienco between and 
x-~y will be equal loy, the eiioi ansing fiom any eiioncoiis computation of the declinations} 
and the constant eiiois in the declinations, may be found by the following analogy, viz. 

As 0's daily motion in iR to lus daily motion in dec. ,'y . const error in dec. 

ft 

Ilencc the sun's apparent zenith distance may be found when ho is in the cquatoi, or when he 
has any given declination, independently of the latitude, lefiaction, and paiallax. 

5. The methods of determining the zenith distance of the sun oi of any other heavenly 
body, and of deducing the declination fiom it, will bo explained hcieaftoi, when we come to 
dcsciibe the ciiculai instiuments, but it will be piopei to show heic, how the sun’s light as¬ 
cension IS deduced fiom his declination at any lime when the obliquity of the ecliptic is known} 
which may now be safely taken fiom the Tables. Foi this puiposo wc have 


Rad X sm At—cotang obliq x tang declinalion} 


and theicfoic when any thice of these aic given, the foiutli may be readily found, Foi m* 
stance, if on Septembei lytli, 1826, we take the obliquity =23“ 27* 39* and the sun's declination 
= 2’ 22' 35" Ny as given in the Nautical Almanac of that year, the shoit opciation will be 


Radm#!’'^. 1. • 

Cotang 23 ’ 39 " , 

Tang 2 22 35 . 


log. 10.0000000 
. 10.3625105 

. 8 61804<4.0 


Sine 5 29 13 . 







Now 21” 56*.87, the time coiresponding to the aic 5° 29' 13", being siibtiacted fiom 12^ the 
sun’s right, ascension at the autumnal equinox, leaves 11'“ 38” 3’ IS for the sun’s light ascension 
in time atGieenwich noon 011 Septembei 17 lh of the given yeai ? 01 subli acting the arc found 
fiom ISO* we shall have the sun’s ift=174® S0‘’4>7' as deduced fiom his declination. Then 
for his right ascension to be deduced fiom his tiansit we have 
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Flora Naut. Aim. appaient ill of a Aquilas, 17 Sep. 1826,. . . , s ig** 42" 21’.47 

Flora the Gieenwich obseivations at the middlo •WHO . . . 19 42 44.18 

^ nmi h im i i Nii a By i a P It i ii n m ■ ■■ i ■ ii t 

Clock fast 22.71 Sub. 

Time of the sun’s tiansit on the same day. 11 38 26.93 

.I ■ ■ I !■! I I ■ 1^ 

Sun's light ascension by» Ac^uilee . * *. 11 38 4s M 

The same m aic . • • * . 17^*’ 31' 3“*3 


The same deduced fiom lus declination.174' 30 47 -0 

■ ' ■ ■ t'" ■ * II. —.... 

Difference raising flora this single obscivation . .... . -1-16.8 


By the same mode of pioceeding all the coluraus of the table wcie filled up, when the decli¬ 
nations had been deduced flora the obscived zenith distances, as will be explained heieafler. 

6 . The theoiy on which the coraputation of the stai’s coriccUon m light ascension is 
founded, is explained by Delarabre * and Profcssoi Woodhouso I at considciable length, to 
whose woilcs we bog leave to icfer our rcadcis. It was in this way that the addition of O’.Sl 
was made to the light ascensions of the Gieenwich Catalogue of 1820 by tlio piosont Astro- 
nomoi Royal, in the yeai 1828, at which time eight equinoxes only had been obscivcd by the 
new transit-instiument, and, as the author obscivos, this coircclion of the equinoctial point is 
still capable of impiovcmcnt by continued obseivalion. In the instance of Sopteinbei 17» 
1826 , we have taken it foi giantcd that the tiansit-instiument was in the raciidian, and also 
neatly in adjustment, because wo find, piofixod to the obseivations of Soptcmboi 16 , the fol¬ 
lowing note, vu. 

“ Examined the axis, and found the cast end 2''.3 too high. 

Adjusted it, and lot it lemain 0".32 too high. 

The mcudian maiks at Blackwall and Chingfoul appealed to be bisected by the central 
wuc.” 

Hence wc considered (Al-i) as the only correction of the observation of » Aquilte that was 
necessaiy 5 and as the daily latc of the clock is slated to be only -t-0’.28, one iouith part of 
this, which was due to the elapsed mteival between the stai’s raid sun’s paasAgos, is too incon- 
Sttlerable to be noticedun 0111 case, but which, bad the lale been much gieatei, must have 
been applied to the euor at the tune of the slni’s passage, with its contiaiy sign, as a cor- 
lection of the time at the instant of the sun’s pieceding passage'. Jf the insti ument had been 
incoirectly jilaced, oi out of adjustment, the sum of the collections, raising flora all the causes, 
must of couise have been applied, as we have diieclcd in a formei section. 

* Ash onomte Tlieoi tqiie el Pi aiiqiie Tonic I Clmp XVlI, 4tO, Purls , 

t A Ti eahse on Ash onomy, Vol I Chap VII. New ediUoii 
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TRANSIT-CIRCLE BY TROUGHTON 


5 LXIV ^TRANSIT CIRCLE BY TROUGHTON [Plate XVII ] 

1. After having descilbed vaiious transit-instiuraent^, and detailed the diflPerent adjustments, 
and errois arising fiom devious positionj and iinpeifect rectifications, we pioceed to the descrip¬ 
tion of an instrument that is designed to give both light ascensions and zicnith distances, or 
decimations, at the same time. The first instrument of this kind was piobably the meridian 
cucle of Horrebow, which had its divisions lead by micioscopes pieviously to the yeai 1735} 
we know but little of the accuracy of this instrument, noi was its existence known to Tioughton, 
who in the year 1806 coutnved his transit-cucle, winch in the hands of Mi. Gioombiidge lias 
performed gi eat service to astionomy, in fuinishing obsei vations for a cucumpolai catalogue 
of stais, which the Honourable Boaid of Longitude have libeially undertaken to reduce 
Muial quadiants had begun to sink m public estimation, and cucles had been proposed to su¬ 
persede their use, towaids the latter pait of the past century, as being moie capable of being 
accurately divided, and of having thou index ciiois appiecialcd, as wellms the euois of ex- 
centiicity corrected by opposite leadings. The Rev. Fiancis Wollaston had contrived a tian- 
sit-cucle so long ago as in the year 1793, which was caiefully made by the late excellent work¬ 
man Cary, but the axis being made too slenclei, and the ciicle too small, rendered the obaerva^ 
tions taken with it less per/ccl than they might otherwise have been. 

S, Tioughton seeing the imperfection of Wollaston^s instiumcnt, avoided its objections by 
such an union of skill and stiength of mateiials, as enabled him fiist to construct an instrument 
bordeiing as nearly on peifection as human art could effect, and then to divide it by a now opti¬ 
cal method peculiar to himself, which has since been lewaidcd witli the Copley medal by the 
Royal Society of London, and has lately been copied with success by youngci artists, who may 
continue to practise the method, when its ingenious inventoi may no longoi be known, but by 
lus welLearned reputation. The instiument undei olu notice is icpicsented in perspective in 
our Plate XVIL, whciG all the puncipal paUs of the fabuc aie exposed to view, and will 
therefoie lequne but few letteis of rcfei once foi then explanation. The circuhu portion is 
composed of two pauillcl flat rings and two sets of radial hollow cones, foimmg together two 
wheels that aie united logethci by \auons bais, ciossmg one another so as to foim ihomboidal 
figures, as well as by the peipcndicular lods exhibited in the figiiie each of these united cir- 
culat plates is foui feet in cUaineter, and divided separately all round, by spaces of 5', into four 
quadrants. Each end of tbfehojizontal axis is foimed into a stiong cone, and the middle re¬ 
ceives the conical spokes^ the whole length of the axis is tlnee feet. Each of the ciicular 
' plates has an edge bai surrounding its back suiface, to give them strength without adding ma¬ 
terially to the weiglit of the stiucture, and a continuation of tubulai biaces connects the ra¬ 
dial cones all loundm a way that is bcttei seen in the plate than veibally desenbed. The 
axis is suppoi ted by a pan of stone pieis about five feet four inches high, of a prismatic shape, 
which hpe theii perpendioulai and paiallel faces separated about twenty^seven inches * tbe 
ineUUiCiYs foi holding the pivots, aie made fast to the supeiioi ends of the pieis, and have 
the adjusting screws foi vertical and azimuthal motion on the sepaiate piers, as is the case with 
the transit-instiuments which we have descubed, a pair of stiong brass tubes aie made fast to 
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the interior faces of the stones forming the pieis, and contain each a strong spiral spring, bear¬ 
ing each a lollei, that piesses against a pair of circulai edge-bais suuonnding and made fast 
to the cones of the axis, in such way that the principal part of tlie instiument’s weight is sup¬ 
ported by the spiral spiings, while the lemaindcr is borne by the pivots, resting in the lect- 
angulai Ys, lound which the instiuinent turns m altitude. The telescope, which has about 
five feet focal length, and thiee inches and a half apeiture, passes between the two circulai 
limbs and through the cential poition of the axis, which is cylindrical, so as to form moie than 
a diamctei, by piojecting about six inches at each side, it is hold fiimly at both ends by the 
rhomboulal bais, that embiace it, so that no flexure can possibly take place at any degieo of 
elevation. Another tube, icsembling that of the telescope, but sinallci in boie, passes dva- 
metiically acioss the double ciicle at light angles to the telescope, and icceives the plumb- 
line, which wo shall i evert to piescntly, at either of its ends. 

S. To the intenoi face of each piei, pist below thou summits, is a stiong houzontal bar 
of brass made fast, the exticmo ends of which aie turned upwards, by being ciuved so as to 
hold each a pan oi* micioscopes for leading the divisions, at the opposite ends of the ciicle’s 
houzontal diameter, to which they aie capable of being exactly adjusted : and if we call the 
two microscopes fixed to the eastern pier A and J3, while those made fast to the western pier 
are denominated C and D, it is evident fiom the figure that a zenith distance, oi altitude, may 
be read by each pan in a separate cucle, one on the eastern face, and the other on the western, 
as though tlieie weic two distinct instruments, each indicating to the accuracy of single se¬ 
conds , at the same time that a tiansit may he taken in the usual way by tho system of wires. 
Or rather spidoi's-lincs, that arc fixed in llie common focal point of tho object-glass and eye¬ 
piece Hence it is obvious that, by tho pioper use of this instuiment, a stai or other heavenly 
body may have its place refened both to a cade of declination and to tho cq[uatot at tho same 
instant j foi the time shown by the clock may ho counted, while tho body passes along the lio- 
nzontal line, fioin one vcitical lino to anothei, and tlic divisions on both circles may aftciwaids 
be both lead m succession, while the instrument letains its position. The flflli microscope, 
passing ihiough one of tho pillius, is consuleied inoio liimly placed than the oiliots, and is 
intioduced foi the puiposc of detecting any change that may take place in tho position of tho 
piUai, 01 shape of tho cucle, fiom natuial oi accidental causes, The clamping appaiatus for 
giving slow motion is earned by a biass fiamc, made fast to the innei face of one of tho piers, 
and IS so contrived, that it applies gicat icsistance in the icvolviiig ducction of tlie circle, but 
yields latoially to any slight deviation that its face may bo liable^ to, when tho axis is not per¬ 
fectly houzontal When the hand of the obsciver cannot roach ihe milled licad of the screw, 
that diiects the elevation, a handle with a Hooke's joint may be conveniently applied j and 
when the axis is reversed, the clamping mcclianism acts with tho second cit cle with the same 
convenience. The tnpod seen iindci the double cucle holds the walci vessel, in which tho 
peifoiated box holding the shot is immoisod, when it is suspended by tho plurab-hne, and a 
screw, foi elevating oi depiessiug this vessel, aflbids the leady and safe means of suspending 
the weight at a pioper depth m tho walei. 

4 When the telescope is bi ought into the horizontal position, the tube that is destined to 
contain the plumbJine becomes vertical, and in that situation the fine silvei wue is suspended 

from an appaiatus at its uppei end, and descending down the tube, is viewed in two directions 

3f 2 
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by each pan of microscopes, that stand at light angles to each othei, m the mannei of Rains- 
den’s, ghosts, [[§ XLIX 2.] neaily at both the exticmities of the tube. These microscopes 
aie so adjusted, that, by leveising the axis of the instuiment, one pan of them will adjust the 
index eirois of the cncles, or at least detect then values, and the othei pan will adjust the axis 
to a hoiizontal position But as the plumb line cannot leinain in its vcitical position while an 
obseivation is made, a levolving spiut-levcl is constantly suspended paiallel to the axis, one 
half of its length, by means of which the eiroi in its hoiizontality, if any, may at all times bo. 
detected. The small hooks, that connect the box with the silvei wiie at both ends, lemain 
when the load is lemoved, and stretch the witc just enough to take it thiough the tube, where 
it IS fixed leady foi use, by the cap caiiymg a bolt foi this pmpose. A second spmt-iovel is 
suspended parallel to the optical axis of the telescope, neai the eye-end, by means of which the 
positions of the microscopes may be adjusted, and examined occasionally, moic i caddy than by 
the plumb-line, though not so accuiatcly. 

5, The eye-pieces, which of couise aie of the positive kind, may be made to move hou- 
zontally acioss the field of view, by means of a level connected with a pinion, so ns to stand 
directly in front of any of the veitical linos, to pi event obliquity of vision j and the mecha¬ 
nism 13 so contiived, that the hoiizontal may instantly be changed into a veitical motion, while 
the uppei and lowci limbs of the sun, or moon, aio biought into a state of contact with tlic 
equatoiial wires to effect tins, at about half the moan diametei of the sun fiom tho cential 
hoiizontal who, is a fixed wno on one side, and at the othei a moveable one, all paiallel to each 
other, and the distance between the fixed and moveable lines can be measured by the micro¬ 
meter’s sciew that sepaiates them, and will mcasuic in this way as much as 40', when a small 
power IS applied. The miciomotei’s moveable line is known fiom the lived ones by inspection 
at any time, because it ciosscs the cential wue only by a small quantity, when at light angles 
to each other. The axis is pcifoiatcd, like tliat of a transit-instiument, and admits the light 
of a lamp necessary for illumination, in the usual way, by i cficction within the telescope’s tube, 
while the quantity and quality aic legulatcd by passing thiough glasses of diflcicnt colouis, or 
having dififeicnt shades of the same coloiii 

6 , The four micioscopes A, B, C, and JD, which have illiuninating plates, with uiiiveisal 
motion, foi tluowing light on tho divisions of the limbs, weic all that the insUiiment was sup¬ 
plied with m its original state, and duiing the seveial yeais of its being used by Mi. Gioom- 
budge, but since it became the piopeity of Mi South, four additional micioscopes have been 
added, by the maker, at eaclxdivided face, winch it is expected will lendci the aveiagc of tho 
leadings moie accuiate, by4ispeismg them alliound tho ciicumfeience, and collecting for 
tompeiatuie in all states of the atmospheie. This instiumcnl is too bulky to be easily revcised 
in position without the assistance of sliaps, oi coids and pulleys; but has the same advantage 
gained by 1 eveision, that IS obtained by instuiraents that caiiy then microscopes along with 
them, and coiicct foi collimation m altitude Since the micioscopes aie fixed, and the ciiclc 
only IS leveised, a new index euor takes place in tho second position, which lemains constant, 
for the gicatest caie of the makei could not insuio the zero points of the two faces to be iden¬ 
tical in taking measuiemcnts The plumb-line well applied must be lelied upon foi determin¬ 
ing the cortsltant diflfeience of the two means of the leadings of each face, taken in the loveised 
positions, and .one half of this difference must be applied with the sign + in one position, and 
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— in the other as a collection, oi, when this diffeience is gicatly chmmishccl by the alteinate 
adjustments foi colhmation in altitude, andfoi the index eiiors, m the i evened positions, a 
mean may be taken of two senes of obseivations of any given numbci of stais, taken succes¬ 
sively by both faces in the two positions, which w'e nndei stand was tho method employed by 
Mr. Gioombiidge, who always found a diffeience of seveial seconds in the diffeicnt leadings, 
and made the sum of the eiiois mcige in the mean of all the obseivations. The polai point 
might indeed be found on eithci face of the ciicle, by ciicumpolar stars, independently of the 
plumb-hno, or level, and the obseivations might be leforied to such point, on cilhoi face, while 
the position lemains the same, and the micioscopes continue unalloicd. but wo do not leain 
that this instiument was evei adjusted, oi tho obseived places icgistcicd in such manner, 
tiiough tho piincipal obseivations hithcito made with it have been of ciicumpolar stars. 

7 At^ustmenfs of the TtansU Circle. —Fust, place the insLiumciit neatly in tho raendian, 
and adjust it foi honzonlahty of the axis, in doing which the plumb-lino must be used instead 
of the level, by viewing it Ihiougfi that pan of microscopes c,u i lod by 1 lie vpi I icril tube, that he 
paiallel to the te]csc 9 po, when that is hoii/ontal, which it must ncccssaiily be, when the plumb- 
line is suspended down the veitical tube, standing at right angles to it, then when the lu¬ 
minous discs aie both bisected, take off the box of sliol, and, secuiing the hooks of the line, 
invoit the tube and make it again veitical j leplace tho weight, after the suspending appaiatus 
13 changed to the top, and if, when it comes to lest, the same discs are again bisected by the 
plumb-line, the axis is level, but if not, one half of tho eiioi must bo conccted by turning 
the disc most iemote fiom the point of suspension, and the other half by tlie veilical sciow, 
that elevates and depresses the pivot of the axis, and after a rcpetilion of this operation of in- 
veiting and halving the icmaining oiioi, the axis will at length become lioiuontal, and the lo- 
volving level may be adjusted to coiicspond. 

Secondly, adjust foi collimation iii azimuth exactly as explained in Section LVL, considein 
mg the instrument destined foi obsciving tumsits. 

Thiidly, place the telescope noaily hoiizontal by the level that is earned by its cyc-ciul, 
and adjust this level, till it will icvcise in position, end foi end, when displaced from tho pivots 
of the cocks that boai it in altitude j this may be effected pailly by tho screw of Uio level, and 
paitly by the ciiclc’s sciew of slow motion, in doing which the telescope will also bo placed 
hoiizontal, m conscquonce of its pai allelism with the level, when the latlci has been made to 
rcveise. 

Fouithly, in this position of the telescope adjust all the four micioscopes to thou respec¬ 
tive zeioes, and while in this stale of appioximation, if thoic be no well dclincd maik in tho 
diiection of the meridian alicady existing, let one be fixed, as noai tho horizon as can bo 
guessed, and at such distance, that it may be distinctly visible, when the npcitiirc of the tele¬ 
scope is diminished, so as to be capable of being bisected by the Jioiizoulal wiie; when this 
bisection has taken place, wliile llio micioscopes remain at zcio, the axis of the circle must bo 
reversed, end foi end, and the hoiizontal wiie of the telescope again hionght h bisect tho said 
hoiizontal maik, when the bubble of the level ought to sUnd at tho middle of its lube; but 
this can haidly be expected to take place at the fiist tual, nor is it probable, that the micio¬ 
scopes will be found again exactly at their zeioes; but as the foui quadrants of the ciiclc aie 
pqmbeied fiom 0“to 90* foui times over, in the same oidei successively, altitudes will be read 
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Ill one position of the axis, and zenith distances in the other, so that it will always appear, 
whethei the sum of the two means of each pan of leadings exceed oi fall short of 90“, then 
half the amount of the excess oi deficiency will be the whole eiror of the observation, so far as 
the level alone is concerned s the distance from zeio is double the eiioi, which may now bo 
lueasuied by the mici oscopes, move the cncle and telescope, by the tangent screw of slow 
motion, over one half of the eiroi, and laise oi lower the hoiizontal mark the other half, til] it 
13 again bisected j and when the operation Is lepoated, it will be seen what fuither adjustment 
is necessaiy toieduce the eiior to its smallest quantity, and to lendci the maik a tiuly hori¬ 
zontal point of dcpaituic foi both faces either jointly, oi sepaiately,when the known correction 
is piopeiiy applied. In pursuing these measures foi effecting the adjustment of the circle’s 
erroi, it is taken for gi anted, that the horizontal wue bisects the field of view acioss tlie mid¬ 
dle of the optical axis, and is therefoie not deranged. The level may be applied for the same 
purpose by anothci method thus, when the telescope has been diiected to covci the maik, and 
the microscopes put to their zeroes, the axis must be revet sed as befoie, and tlie telescope 
biought again to the maik, then one half of the eiioi may be collected by moving the mark 
in the pioper cliiection, and the othei half by altering that pivot of the level’s suspension, on 
winch the veitical sciews act: the foimoi method has the advantage of measuiing a moiety of 
the eiioi by the imciometer, and the lattei avoids the necessity of re-adjusting the micro¬ 
scopes. But, m the maker’s opinion, the pliimb-Imo is less liable to deiangemont by changes 
of tcmpciatiire than the level, and therefoie ought to be had recouise to. It will not be ne- 
cessaiy to go thiough the same steps, since the use of the level and of the plumb-line is the 
same m piiiiciplck Let us suppose the telescope, as at fiist, ducctcd so, as to bisect the maik 
aheady spoken ofj tile tube containing the plumb line will then be veiy neaily veitical, and 
the line being suspended and loaded, will lake a peipendiculai diicction, adjust the point of 
suspension by the pioper sciews, and by tinning the excentiic discs, that foim the objects of 
the supoiioi and infciioi micioscopcs used for this adjustment, till they aie both bisected j in 
the next place, turn the circle half round by its divisions, lead by ils microscopes, and, fixing 
it, suspend the plumb-lino fiom the contiaiy end of its mveited tube the plumb line must then 
be made to bisect the uppci disc by means of the Glide’s tangent screw, and if the lower end 
is not now bisected also, the ciioi, oi half-diffei ence, must be ascribed to the uncertainty of the 
piecedmg opeiations, and must be thus coircctcd, turn the ciiclc loiitid slowly till the lower 
disc IS bisected, and measuie by the niicioscopes the small aic so moved ovei, pul the cncle 
back till half that quantity only is measiiied, and turn the lower disc till, by means of its ex* 
ccntiicity, it is bisected by, the plumb-line, as well as the uppei disc. Since the plumb-hne is 
capable of inveision, it is not necessary to icveise the ciiclc’s axis, but for the sake of check¬ 
ing the foinaei opeiations, it maybe deemed deniable to leverse it, and to lepeat the Obseiva- 
tions of the maik caiefully in this position also. The plumb-line appaiatiis, being finally ad¬ 
justed, legiilatcs the zeio point, to which the mici oscopes must be ultimately fixed this part 
is perhaps less liable to vaiy, than any othei poition of the instiiimcnt, and even if it should 
be found to vaiy to a sensible extent, the mode of adjustment, we have last described, will with 
certainty restoie it to its oiigmal state The eiiqr we have heie tiealed of is compounded of 
the eiror 'df collimation, and of the index euoi ansing out of the difference of the positions of 
the zeio points on the two faces, which, notwithstanding all the caie and skill of the most 
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eminent malcci, arpounts to a constant aic of 7'' or 8'". Mr. Gioombridge^ we understand, used 
this circle a long tune in the same .position, and on every change adjusted all the four micro¬ 
scopes to their lespective zeroes, having fiist brought the .circle into position, by making the 
plumb-lme bisect both the lucid discs in the reversed positions# This however was done for 
the sake of appeaiance, rathei than of leal accuracy, for if he had adjusted the micioscopes 
to the mean fixed ciror, the diffeiences in the readings of the various microscopes would have 
been greater than was agreeable to the eye. We have proposed an horizontal mark to be 
erected to facilitate the approximate adjustment, whicli will be near enough for all oidinary 
purposes j and particulaily foi explanation of the process j but the accinate observer will pie- 
fer making his final adjustment, and determination of the remaining ciror, to be applied to 
single observations, by having lecouise to the stars. Indeed after all, as the natural tendency 
of eveiy part of a laige iiistiument is, to settle into a state of rest, it seems inoie likely to give 
accurate results, after eveiy pait has found its own beaung, subsequently to an appioximate 
adjustilient; and the erior finally detei mined by observations of manystais in both positions 
may be ultimately applied, in the form of a corieciion, with perfect satisfaction. It is scarcely 
necessary to add, that this construction of a circulai insfeiumeut admits of its eiror being de¬ 
termined by leflection, oi by the collimator not yet described, as well as any other to which 
they have one oi both been applied. 

8. With respect to the method of observing a star, m measuring its zenith distance, it 
seems scaicely necessary to give any particular directions j when the young observer has learnt 
how to accomplish all the adjustments, ho will have confidence in his insUument, and will sopn 
gam that piesenco of mind and coolness, which pi event his being luuricd, when the moment, 
of the observation is appioaching, and when he once knows what time must bo expended, in 
computing the altitude or zenith distance of his object, and scUing his teloscopo to the proper 
elevation, he will be ready to meet the ingiess of the little tiavellGi, and will have much plea¬ 
sure in sti urging it on the houzontal wuo, by the assistance of the tangent sciew of slow mo¬ 
tion, which IS always ready to obey Ins commands. When once the star is bisected by iho 
horizontal wiie, the instiiunent must not be again touched, till the transits over all the wires 
haye been noted down, in seconds and paits, as aheady duected [LXI. and until all tho 
microscopes have been icad, and their values logistoiccl to tho accinacy of a single second each, 
as well as the hanging level of the axis examined, in gcncial it will be advisable to leave tho 
instrument in its position undisUiibed, till a second observation is lequuod to bo made, that 
the microscopes may be re-exammed, in case any cause foi suspicion, about the accuiacy of 
any of tho leadings, should occur when the observation has boon legisteicd, and the diifeiout 
readings compaied togcthci. The method of adjusting and leading tho microscopes lias been 
sufficiently explained m the foity-cighth section. When tho elevation of the teloscopo is too 
great to allow of a convenient application of tho eye, a diagonal cyc-piccc may bo used, oi an 
obseivmg couch may be placed on the flooi under the eyc-end, willuu sight of the suleieal 
clock, which is as much a companion of this instrument as of a icgular transit-inatuimont, and 
lequues the same attention. 

9. The plan of icgisteiing the obseivations made by the transit-cncle will de2Jond on tho 
size of the paper that foams the joinnal; but whether one page or two ho used foi containing 
the columns, it will be piopei to keep the iiansits distinct fiom the zenith distances j and as 
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tlie slate of the baiometer and theimoraetoi wJl foim a pait of the lattei, to modify the ro- 
fiactioUj 111 applying the collection to the observed zenith distances, it seems moie convenient 
to use two pages, with the names of the slais icpeated in parallel horizontal lines, in the second 
page. The specimens of tiansit-obseivations, which we have already given [§ LXI.], wiU 
supeisede the necessity of giving any fmthei direction on that pait of the observations, wliicli 
must be made, collected, and reduced in piecisely the same mannei as if the instiument had 
been destined foi liansits only j consequently when the position is a little out of the meridian, 
as examined eithei by a cncumpolai star, oi by a pan of high and lowstais, the deviation from 
the meiidiaii must be noted, if not immediately collected, and also the eiiois in the adjust¬ 
ments, if any shall be found to have existed dining any of the obseivations, so that the cor- 
lections maybe aflciwaids applied when the obseivations come to be i educed to the corre¬ 
sponding light ascensions. 

10, As the manuscupt observations of Mi. Gioombiidge, to the nmnbci of 30,000, ore 
now at the command of the Boaid of Longitude, who have kindly undci taken their reduction, 
we cannot at piesent give an exact fac-sirailc of a day’s woik, as icgistcicd by him; but the 
annexed plan is submitted to thopuicticalasUonoraei, ofananginglhe columns, and ofwuting 
down the obseivations, that may betaken by a ciicle having foui leading micioscopes placed 
on opposite faces, accoiclmg to the constuiction of the instrument we have descubedrn the 
pi eccding pait of this section In the following example the moon zenith distances accoid with 
those taken on the same days by one of the Gioonwich quadrants, but aic modified to suit our 
pin pose of illustiation, on a supposition that both faces show zenith distances. 
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11. On looking ovci the two days* obsei vatioils above exhibited, it will be seen, that 
to Seipcntis and Antaics aic the only two stais that wcio observed on both days, and fioin these 
we must theicfoie deduce the amount of the index ciioi and of the collimation in zenith dis¬ 
tance, taken together, since the obseivations do not affoid tho means of sopniatiiig them, sup¬ 
posing them to have boon actually made by a tiansil-cucle that will icvcise in position. With 
lespectto £4 Seipentis, half tho sum of the two obseivations is =s 44® 25'56".5, ^lie appaient 
zenith distance on the intermediate day, and half the diffeience will be foiuul to be s= 10" 6 
foi the enoi, to be sublt acted fiom tho liist day’s obscivation, and added to that of the second: 
the two levciscd obseivations of Antaios give the half sum 77° 24/ 24" 4 foi tho appaient zenith 
distance due to tho 11th of June, and 13" foi the hall difibicnco, oi eiioi, including the diurnal 
change, then 11".8, the mean of these two oiiois, may be taken as the negative collection of 
the fiist day’s obseivations of all tho southcin stais, and also as Iho positive collection foi these 
stars obseived on tho second day, which couecLion maybe taken as accuiale enough for single 
obseivations, to be subsequently chocked by oilier icsulls, when tlic same stais have been ob¬ 
seived aflei a shoit inleival in both positions. In taking tho zenith distances of slms viewed, 
towaids the noith, m the diiect position of tiic nislriimcnt, the same sign must bo piefixcd to 
the coriection, as is due to the icvoiscd position, when looking towaids tho south, and thccon- 
traiy, for when tho telescope is tinned ovci fiom the south to the noilh, the position of tho 
eye piece and of the liouzontal wiio is icvcised, without tho levcision of the instiuinciit’s axis. 
Hence Polaus, in the picceding legistci, icqiiues the sign of its coiroction lo be contraiy to 
lliat of the othci stais, on each day. The appaient zenith distance of the planet Vesta on tho 
lull was 64“ 26' 23" 2, supposing its change unifoim, but as it had a daily motion in zenith 
distance of 2' 27".6 + 11" 8 =2' 30".4i incicasing towaids the south, tho collection of the in¬ 
strument could not be detected by any obseivations of its zomlh distance , on the coiUiaiy, 
Saturn’s zenith distance on the inteimcihato day was 73° 23' 4<0".95, ausing fiom the half sum, 
and was diminishing by a daily change of 21".15—11".8=:9"<3/)} it consequently was also an 
iinpiopei object foi giving thcoiioi of the insUumcnt. 

12, When Ml. Gioombiidge disposed of his liansit ciicle, it was supposed, fiom the ob¬ 
served diffeicnccs in the leadings of tho inicioscopcs, that an alloiation had taken jilaco m the 
%iuc of the divided limbs, oi iii tho pivots of tlic axis} and the makoi was ajiphcd to foi his 
opinion, who on examination lecommcndcd an additional luimbci of inicioscopcs, that might 
dimmish any eiiois that may have been occasioned by weai, oi changes of lempeuiliue, iii 
the figuic of any ol tho pails, and the picson^ piopiiotoi has accoidingly added doubis ibo 
nmnbei of the oiigmal microscopes; and the instimnent has now six giiaids stationed at each 
side, to watch the changes that may hcicalloi take place, and to cnsuio accuiacy by multi¬ 
plied leadings. Piofcssoi llobnison, of Aimagli, has lately considoied tho subject of nliciorae- 
tiical loadings with moie attention than had boon pieviously jiaid to them, and hispiipci "On 
Collecting Eiiois of the Astiononucal Ciiclo by Opposite Headings”, which was read bcfoic the 
Royal lush Academy on the fltli ofDecomboi 1825, cmbiaccs many considejutions that in- 
tciest both tho instiument makei and tho astionomci. The learned autboi assumes, that, 
since the impiovcd method of giaduating a cnclo by micioscopic vision began to be puic- 
tised, Ihcio IS little feai of oriois of division existing to any consideiablo oxienl, but lie shows 
that eirois of excenliicity may be of two soits, y?aec? and vanabk; flic foanci takes place 

VOL. 11, 3 0 
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when the ]ine connecting the centres of the piyots, on which the axis i evolves, docs not pass 
tluough the contie of the ciicle’s giacluations, and the lattei exists, when theie is a defect in 
tlio figuie of the pivot. With lespect to the fomei, oi fixed ciioi of excentncity, opposite 
leadings wdl coriect them; and with respect to the lattei, oi vaiiable eiioi, as the deviation 
fioma cucular figuie is always minute with caieful turning in the lathe, the section of the 
pivot may be supposed to be an ellipse of small excentncity now if we conceive this to loll in 
a icctanguhu Y, as is usual in astronomical instminents, its centre will desenbo a circular arc, 

of which the ladins is 7 x 2 — e*, and its sine e* x sin S r being the gieatest seim dia- 
metei of the pivot, 0 the angle made by it with the veitical, and e the cxccntiicity. Ilenco, 
says the authoi, “ we see that the hoiizontahty of an axis, suppoited by such a pivot, is not 
changed duung its levolution j but that its exticmity moves in azimuth through the space 
0 SS 7 ' X e' sm S d. In consequence of this the ciicle 1 evolves round its veitical diainetei, and 
the deviation of its telescope fiom the meiidian, at an altitude a, is as cos « x sm (2 
being the altitude at which the deviation in altitude vanishes.” The same leasomng applies to 
the pivots of the tiansit-mstrument, and the Choi’s arising fiom this cause, the author observes, 
may be easily ascei tamed and collected. “Besides this,” says he, “ the ccntie of the ciicle is also 
lianspoiled hoiizontally through aspace bcaiing aconstantiatioto the motion of the pivot, and 
this constitutes what is called mi table excentncity, diffeient m no lospect, as to its influence on 
the moabuiemcnl of angles, from the peimanent kind.” The author then pioccccls to exjilain 
the natiue and value of the oriors m question, by mathematical reasoning too abstiuse for 
oui purpose 5 and shows that two microscopes will collect for excentncity, 01 foi any othei 
erroi vaiying by a similai law 5 as also for all eirois winch are as odd poweis of the sine oi co¬ 
sine ; but that three microscopes are still bettei, failing only wheie the number expressing the 
oidei of the oiror is divisible by three. In geneial the excentncity disappcais from a mean of 
any number of microscopes, when their distance fiom each othei is equal, viz. the quotient of 
the ciicumfeience of the ciicle divided by the numbei used. The unequal expansion of the 
ladial aims of the ciiclc may defoim its figuie, and that of the limb may distuib the equality of 
its divisions, but heie, concludes the authoi, “the gieatest mastcis of analysis can scaiccly sec 
then way.” It is, howevci, irapoitant m practical astionomy, when scvcial micioscopos arc 
used, that tlieii lelative positions be fiequently examined, and lendeied as peimanent as pos¬ 
sible, though pel manency of position is a dosulciatum in natuic scaicely to be accomplished 
with variable materials. 






} LXV REDUCTION OP THE APPARENT ZENITH DISTANCE, OR dIbCLINATION, TO THE 

mean polar DISTANCE. 

1 . Before we pioceed to desciibe other circular instruments and then uses, it will be proper 
to explain how the zenith distances obsoivecl by any of them may be conveited into mean polai 
distances, and consequently how apparent altitudes may be turned into mean decimations, 
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which quantities aie only the complements of the foimcr} indeed it depends on the figunng of 
the giaduations in any of the instiuments, whetlicr zenith distances oi altitudes aie indicated; 
01 whethei each position has a sepaiate mode of giving the readings, one showing zenith distances 
and the othei altitudes. This last is a vciy convenient mode of denoting the obseivatioiis ; 
because It will always appeal by inspection, whethei the sum of any two coiiespondiiig le- 
versed obseivations exceed oi fall shoit of 90", and thciefoie whethei the eiioi aiising fiom 
one half of the tliffeiencc, must have the sign + oi — applied in this case to both the observa¬ 
tions, which, having then quantities icgisteied of dilFercnt donominationa, will icqiuie the 
same sign in the collection. 

g. When the instiument is tiuly placed in the mciidian, and piopeily adjusted foi taking 
meiidional zenith distances, and when a mean of all the micioscopos, taken at one position, is 
obtained and collected for the amount of the index and colhination ciiois, live leductions ate 
necessaiy foi convoiLing the appaicnt zenith distances into mean polai distances, besides a 
knowledge of the latitude of the place. In the hist place tlie obseivod zeiutli distance, col¬ 
lected and added to the co-latitudc, will give the obseivcd polar distance in a noithoui lati¬ 
tude, when the stai is towaids the south, but if towaids the uoith, and above tlio polo, the ze¬ 
nith distance subtracted fi om the co-latitude will give the same, when the stai passes below 
the pole, the zenith distance diminished by the co latitude will bo tho pohu distance, and itg 
complement the declination. Whenever the polai distance is loss than 90", its dochnalion is of 
the same name as the elevated polo, but when it exceeds 90", it has a contiary name. In all 
the Einopean obscivatoiles the dcchnatioii above the equatoi is noith, and has the sign -t- at¬ 
tached to It, but below the equaloi it is south, and maikcd with the sign ~, in tho vauous tri- 
gonomctiical computations. If wc substitiito the latitude foi tho,.co-latiLudc iii the pxoccdmg 
duections, the resulting nmnbcis will be dccluiiiUons at once , oi, if wo substitute alUUules foi 
zenith distances, when wo use the co-latitudcs, the numbeis obtained in this case will also bo 
declinations. Secondly, when the observed oi apptuonl polai distances aio obtained by any of 
the means above explained, the lofiaction, modified by the fnctois for tho baiometoi and tlici- 
mometci, must be applied with a negative sign, logethci with the piocession, aboiialion, and 
nutation, lunai and solai, in noith pohu distance, with then s/gns changed^ and when the sum 
of all these five quantities have been algcbiaically united with the appaient polai distance, tho 
amount will be the lednced polai distance belonging to the beginning of the year in winch llio 
obseivations woic made 

3, The mean place of a star is usually deduced from seveial caioful obseivations made on 
diffeienl evenings, or on diffeicnt days, if its magnitude be such as to rcndci it visible by day¬ 
light , and when these evenings, or days, follow in immcchato sncccasion, the i eduction of an 
aveiage of the measmes may be made for the middle of the peiiod, parliciilaily if the obseived 
zenith distances aie neaily alike , but in a variable climate such a succession of obseivations 
will laiely be obtained, and a sepaiate loduction of each bbscivatlon not only becomes neces¬ 
saiy, but IS besides a moie accuiale mode of proceeding, since the five quantities arc all vaiiablo 
We will take for an example the zenith distances of « Coionm Borealis, as observed by the south 
quadrant at Gicenwich in the yeai 1811, by using a mean of the readings on the cxteiioi and 
inteiioi arcs, that we may compaie the lesultmg noith poUi distance with that of the Gieen- 
wich catalogue derived fi om the new circles, 
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It IS not stated iii tins senes of obseivatioas what was the index enor of the quadiant, which 
appears hcie to have been about 14". In gencial this ciior was doteunined by the zemth sector ^ 
and on rcfeicncc to the page of obseivations made with that instiument in the months of July 
and August, we find, 

July S9, 1,811.€ Sector on the wostcin wall, y Diaconis had zcn. dist. = ‘i” 4C'.90 
Aug. 5, Sector on the eastern wall, ditto . . . . . = 2 84.10 


Consequently the mean or apparent zen. dist. 
and, in the register of zenith distances, wc have 


July 29> 
Aug. 2 

8 . 


y Diacouis by the southern quadrant 
Ditto . . 

Ditto . , 


! ?‘? }• Mean for Aug. 5.. 


2 89.0) 


= 9 40 . 5 

. 2 35 . 0 
'.2 37. 5 


Hence the mdex^ertor deiived from the sector did not exceed 4".25 at the time specified, but the 
indications of the norffiem quadiant weie at the same dates only 1' 25", 1' 26''.6, and 1' 80" re¬ 
spectively. 

4. With all the caie that could be employed, the obseivations made by a muial qiiadiant 
could nevei be considered as quite correct, and until circles were substituted, theie appear to 
have .been inaccuiacies of from 20" to 30" in the determination of several of the continental ob¬ 
servatories. We have hcaid Trougliton afSrm, that he would depend on a well-divided circle 
of a single foot in diametei, morefhitn, on a fixed quadrant of the largest construction; and on 
this account wo are disposed to omit a particular description of the mural quadrant, as being an 
instiument n^> Iqngei to be depended upon m the present state of practical astionomy. The 
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coirections contained m the example of « Coionm Boiealisweie takenby inspection from pages 
131 and 132 of oui fiist volume, but may be computed fiom the propei foimulm, oi taken from 
any otliei tables constiucted foi tlie same puipose. If the tables of the AsUonomical Society 
be used, the amount of pioccssion, abciiation, and nutation, lunai and solai, m declination, 
will be given at one computation by means of the tabular quantities; but when these compu¬ 
tations aie applied, the obseived zenith distances must fiist bo tinned into declinations, for 
which the tables are adapted, and all the signs must be changed when theioductionisfromthe 
time of obscivation to the beginning of the year. If the stais obseived aie not found in any 
of the tables of corrections, the gcneial oi univcisal tables of Dolambie, Gauss, Gioombiidge, 
or Fallows may any of them be consulted, though their constants of abciiation me now sup¬ 
posed to be all a little in defect, and thou constants of lunai nutation, the two foiiner in de¬ 
fect, and the two latter in excess by small fiactions of a second. 


5 LXVI RAMSDEN'S ALTITUDE AND AZIMUTH CIRCULAR INSTRUMENT. [PtATH XVIIL] 


1 . Tufifirst astionomical ciiculai instuimont that was made by Ramsden, was that with which the 
late eminent astionomci, Piazzi of Paleimo, took those senes of observations, from which the 


declinations in his much esteemed catalogue weie computed and published, first in 1803, and 
then m an impiovcd stale in 1814, the laltci of which editions contains 7646 slais. A paiti- 
cular account is given of this instiumcnt in Piazzi’s folio woik, entitled Della Specola Astrono- 
mica, de* Itegt sludi di Paletmo, m two volumes j the foimcr containing four books published m 
1792 , and the lallei compusing the fifth in 1794. The figure, contained in our Plato XVIIT- 
is copied fiom an engiaving given in the said work, and being shaded will be sufficient to con¬ 
vey ageneial idea of the constiuction, without the detached figures given in the original, to 
assist the detail of the dosciiption, Piazzi mfoims us, that Kamsden twice imdoitook the con¬ 
struction of this msliument, and as often abandoned it, but at length m January of the year 
1788 , he entcied upon the woik m eauiost, and finished it m August 1789 . 

2 . The vortical axis of the instiumcnt is composed of various parts, which, being firmly 
united togethei, constitute a ftamc that 1 evolves m one piece on two pivots at the extreme 


ends 5 the cone, that Iciinmates the lowci cxticmity, topois from a diameter of 14,2 inclios to 
5, whetc it is made fast to the hoiizontal circle, on which the azimuthal angles aic measured, 
of three feet diaroetei. Tins ciicle has ten tubulai ladit of a conical form, and la divided into 


two semicncles, flguied into ISO’, each of which is subdivided into spaces of it revolves with 
the flame composing the vertical axis. The base of the inveited cone is fiiraly attached to an 
oblong plate of metal, which may be called the ]ow;er stage, and into which four long veitical 
tubes aie fastened, as so many pillais, to support the upper stage, of the same dimensions as the 
lower one, namely 25.3 by 16.8 inches. These foui pillais me each 6 ^ feet long, and SJ 
inches in diameter, and, together with the two stages, constitute the frame holding the vertical 
Clide. This ciide is five feet in diameter, divided into foui successive quadrants, in windi 
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each degiee as figured mth an Arabic numeral* and each tenth degree with laigei numcials of 
the Roman chaaacters* and, as the leading micioscopes have small fields of view, the subdivid¬ 
ing strokes, including spaces of 6', aie known by single, double, tuple, &c points made conti¬ 
guous to them on the giaduated face. The ciicumsciibing portion of the vertical cucle is 
composed of two flat ungs, standing paiallel to and concentuc with each other, by means of 
Cl OSS bais that unite them, like so many loimds of a laddei, which plan gives sti ength, without 
adding materially to the weight of the stmctuie. The giaduated face is that which is pre¬ 
sented to the eye in the peispective flgiue. ^ 

S The hoiJ^onlal axis of the veitical citclc consists of three pieces, a contial cylinducal 
hollow piece, and two inveited hollow cones, all of biass, compactly fixed togethci, at the ox- 
tieme ends of which two steel cylinducal pivots aie made fast, one to the apex of each cone, 
which beai apoiUon of the cucle^s weight The eight conical ladiating tubes of biass aie 
fixed to the contial pait of the axis at then bases, and at the lemote ends to the middle of cci- 
tain cioss bars, connecting the two ungs of this cucle the telescope passes thiough the said 
cential poition, instead of two moie ladu, and is made fast at both ends between the ungs of 
the double ciicle, so as to pi event any tendency to flexure in its tube. The focal distance of 
the telescope is equal to the duimctci of the cuclo, and five diicct eye pieces are supplied, 
magnifying the Imcai dimensions lespcctivoly dO, 75, 100, 180, and I 70 tunes; besides winch 
theiG IS a piismatic eyc-pioco of the dcsciiption mentioned in the sixth paiagiaph of oui fifth 
section, which perfoims the oflico of a leflocting diagonal eye-picce. This eyc-piece has two 
povveis, one of 75, and the othoi of 130, and is principally used foi viewing stais neai the ze¬ 
nith. The illuinmation is effected by tiansmiitmg the light of a small lamp thiough the hollow 
axis, the inclined reflector, in the middle of which, is exactly similai to that of a tiansit instill¬ 
ment : the light, however, is limited to suit the object viewed by a pai allelopipcd composed of 
throe pieces of gla^s 5 of which the middle one is white, and the two cxtieme ones gieen, tliey 
aie contained in a fiame that has an adjustable motion by means of pulleys, visible at the le- 
mote end of the axis, behind the back pillais. The leason of two green wedges being used is, 
that the lines m the focus of the eye piece may not appeal double, by passing ilirough two 
glasses of unequal icfiacting poweis, the second giecn glass being made to couect the lefiac¬ 
tion occasioned by the fiist. The pulleys are acted upon by a long handle termiualing with a 
Hooke’s joint The whole length of the veitical cucle’s axis, including the pivots, is about two 
feet. Besides tlio foiu long pillais alicady noticed, theie aie two shoiter ones, ascending, at 
the distance of eleven inches fioin each othei, fiom the face of the lower stage, up to the middle 
of i be invei ted cones of the horizontal axis} these hollow pillais aie each tinee feel tince inches 
high, and aie braced near then iippci ends to then adjoining long pillais, a stiong rod passes 
thiough each pillar, and supports a small flame, containing a pan of lolleis, side by side, one 
pan of which may be seen under the left hand cone of the axis Each cone has a ciicular 
cdge-bai made fast lound it, that rests on the Y foimed between the pan of roUcis, and a pair 
of adjusting screws acting on the vertical rods, bcaiing the rolleis, foicc them against the cir¬ 
cular rings of the cones, and support Squired poition of the cucle’s weight, to leheve the 
pressure on the steel pivots. One of these rods" 1ms its adjusting screw undei the lowei stage^ 
but the other) is ^cted on thiough a small fratue interposed between the two halves of the tube, 
foi some reason that is not obvious. Tfb'e lo'w^r stage is strengthened by several buckets de- 
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scenduig fiom its lowei sinface to the infetior end of the inverted veitical cone, to wliicli they 
are made fast, some of which aie seen in the cngiaved figuie. 

4. The two laige metallic pillais, that ascend fiom the two opposite corners of the squaie, 
composed of a maible flooi, «ue each seven Ibet high, and four inches in diameter, and aio 
matched by a similar paii, that do not appeal, but which ascend from the other two opposite 
coiners of the same squaie flooi. These two pillais, with then aiched tops of biass, aie omit¬ 
ted in the plate, that they might not conceal any portion of the vertical axis. The aich that 
connects the fiist pan of pillais will explain the stiucture of the second, which is exactly simi¬ 
lar, and IS placed at light angles to the other. A cross of foui sLiaight bais connect tlio aichcd 
portions, that lest on the supeiioi ends of the foin pillais, to which they are made fast j mid a 
circulai hole, at the place of ciossmg, leccives the tiibulai pivot at the supeuoi end of the ver¬ 
tical axis, and is firmly fixed to the middle of the oblong opening, that ncaily sevcis the upper 
stage. This opening allows the telescope to view stais ncai the zenith without ohstmction, the 
bais, connecting the two halves of the stage, bonig thmner than the diameter of the object- 
glass. 

5. The lower support of the vertical axis consists of throe coiiccutiic cucnlai plates of 
non, laid over one anothoi with attached rollers under the second and third} tlio uppermost 
ciiclo beais the conical pivot, on which the axis turns, and the other two have their respective 
adjustments at light angles to cacli other, one being moved in the direction of cast and west, 
and the othei of noitli and south. each motion is produced by a horizontal sci||w, by moans of 
a handle with an univei.'’al joint, of which one is seen standing up rather obliquely, to the right 
of the Ihiee ciiclcs. The manner of each sciow’s action may bo easily undci'stood, if wo con¬ 
ceive one of them made fast to one of the lower cucles and the othci made fast to the other, 
with then tapped ends cntoiing the sides of the uppcimost, winch may thus be pushed foi waids 
01 diawn back in eithei of the assigned duccUons. A iing of mahogany, tlncc feet two inches 
in diameter, and three inches thick is laid over, and made fast to the uppermost ciicular plate j 
and fotms the basis of a balustrade, having a ling of metal above and another below, connected 
by twenty cylmducal rods, or small pillars of biass, each thirteen inches long. Tins balustraclo 
preserves the azimuthal circle fiom injury, and supplies the means of clamping the vertical axis 
with a tangent scicw of slow motion, which is turned by the handle scon above the baiustiadc 
towaids the left • it also holds the leading micioscopo in its piopcr place, ovei tlio divisions of 
the giaduated hoiwonlal ciicle, that the position of the telescope, and of the vciticul circle, may 
at any time be indicated by it, when once adjusted so, that zcio will show tlio mciidional po* 
sition. The micioscopo is seen in the place of a connecting pillar, towaids the right hand side 
of tlic balustiade, and cariics an inclined circle of silver at the object-end, to throw light on the 
divided face of the cucle. It is fuinishod with a miciomcter not essentially differing fiom tliat 
of the leading micioscopo, winch wc have described, in our forty eighth section j except that 
the lines are fine wires} they aic capable of the .tome adjustments that we have Iheio ex¬ 
plained. 

6. The vertical circle has its divisions indicated by two reading microscopes placed diamc- 
tiically opposite each other, to correct for any oxCentiicity that may exist in any of the positions 
of this cucle, as it regaids the telescope’s elevation} the construction and adjustments of these 
microscopes arc similar to those of the microscope that leads the azimuthal f}ngle8, but, though 
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\vc know that tho veitical cuclc is giaduatcd into foiu successive quadrants, it is not quite 
deal fioin the ouginal account, 'frlielhei altitudes oi zenith distances aie lead, oi botli m the re- 
veised positions, though it is piobable that zenith distances weie geneially indicated, since this 
IS the denomination in winch tho obseivalions aie legibleied, as exhibited in Cacciatoie^s late 
valuable publication The situation of the supeiioi microscope is a little undei the iippei stage, 
wheie u flame of paiallel bais connects the uppci ends of the two flout pillais, as seen m the 
plate, and aflfoids the means of making tho piopei adjustments foi distinct vision, foi the value 
of the 8 C 1 CW, and foi bisecting the cucle, as the position icgaids the lowei micioscope. The 
situation of the lattci micioscope is legulated by a sumlai flame, set owed to the lowei paits bf 
the same pillais, above llie infeimi stage, and has the samo adjustments and value of its mlcio- 
mctucal scicw, as the otbei micioscopes, each of which will lead scpaiately to the accuiacyof 
a single second of a gieat cucle. 

7 , When the moes of the two micioscopes arc adjusted to the zcio points of the cucle, 
sepaiaLing the semicuoles by an imagiiiaiy veitical line, tho encio may be tinned half lound, 
01 the lele*3copo inveited, and if the same zeioes again coincide, then the micioscopes aie pro- 
peily opposed to each olhci, and also tho cucle is piopeily divided, m tho duection of that cIn 
ameloi, into two equal scmiciiclcs. When theie is a diffcicnco indicated between the two semi- 
cnclcs, aftei the invoision of any given position has taken place, one half of the difference, 
shown by one ofjthe micioscopes in the second position, will be the ciior belonging to each 
semiciiclc, which eiioi will have the sign h in one scmicnclo, and -- m tho otbci, but ono 
foiuth of the said diffcicncc will be the ciioi belonging, with its piopoi sign, to each quadiant 5 
on which account the whole euot thus obseivcd is called by Tioughton the qtiadntple cuoi , 
and if tho ma\UTiiim of this erroi is small, when tho cucle has boon examined by opposite 
micioscopes in fill diainetiical duoctions, the cucle may bo said to have but little exccntiN 
city, and ako equal divisions, which is the most dcsiiablc piopcily a giaduatcd cucle can 
have. 

8 . Besides the two leading micioscopes just dosciibed, which aic employed solely foi 
leading the subdivisions of the cuclc, a pan ol smallci ot secondaiy ones aie placed on the 
same liamcs lespecUvoly, foi viewing a plumbdine, suspended fiom a small adjustable code, 
placed above the uppei frame, which plumbJine descends down a squaic pipe ot wood, at¬ 
tached to the light hand pillai, and caiucs a weight immoised in a watci-vessol, standing on a 
small stage that may be laiscd 01 loweicd at plcasiue, by a vcitical sciow, foi icgulating the 
depth of the immersed weight, and as this small stage is fixed upon the iaigci one, that ic- 
volves with the veiUcal axis, it is evident that this plumb hne may be used in any azimuthal 
position that the telescope can take , and theiefoie that the axis may be adjusted by it into a 
position that will be pcifectly veiiical m all azimuthal diiections, and, what is vciyimpoitant, 
will watch tins adjustment at all times, by piesciving its own veitical position, and exhibiting 
any deviation that may take place m the edek of suspension earned by the veitical axis, and 
consequently in the peipcndicular dh'ecbpn of the axis itself. The Ghost appaiatus, composing 
the microscopes foi viewing the,pUimbrhnp^^fois been dcsciibed alieady [§ XLIX. g.], to which 
descuptiou 0111 leadeis may tinn for itifpim'ation, with lespect to its constuiction, adjustments, 
and mode of application When any least inclination of tlie veitical axis towaids a given 
point in thehas been detected by the,,plumbJine, it must be le adjusted by the screws 
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actiiig on the cnciilai plates, supporting the lowei end of the axis when this inchnation is 
towaicls a point lying in the middle between the two adjusting scieWs, they must both be 
turned an equal quantity in the same duection, but if it be diiectly towaids one of the sciews, 
that sciew only will leqiuie to be tuined in geneial that paiticulai sciew must bo most turned 
in making the adjustment, towaids oi fiom which the inclination oi leclinatioti is greatest. 

9. But theie is a second useful puiposo to which the plumb lino is applied, the horizon- 
tality of the veitical ciicle’s axis is theieby insuied, as often as any inclination is detected in 
it. The mctliod of accomplishing this object has alieady been desciibcd, and fully explained 
m our fifty-ninth section, in which the Moscow I'lanSitlnstiument, by the late W. Cary, one of 
Ramsden’s pupils, is dcsciibed. If we suppose the foiked raeasining bar Ihoie used with the 
micioscope, foiming the ghost appaiatiis, to be applied to tlie plane of the vcitical ciiclc, so 
as to ineasuie its distance fiom tlic plumb-line at two points, successively taken m a voilical 
diamctei, the equality of the moasiucs will show that the cade's plane is parallel to the plumb- 
line, in the same way that the Idescope of the tiansit-insliuinont was shown to he paiallel to 
itS^ plumb-line when piopoily adjusted, and as the elide was formed in the lathe upon the 
pivots of Its own axis, its plane stands by constuiction at iiglit angles to the hue passing 
tinough the axis, that joins the cenlies of tlio pivots} and Ihcteforo wjion the piano of the 
cnclcis adjusted to become voif ical, its axis nccessaiily becomes hoiizontal. It is affirmed 
that in this way an eiioi of a single second of indination in the axis maybe delected • but as 
the tiansits taken by this ciicic, aie intended to bo only appioxunate, to Identify the body 
observed, and as its principal use is to incasuic collect zenith distances, a voiy nice adjust¬ 
ment of the hoii/onlal axis is not so matciial, as that of llic veiticnl axis, on winch the accu- 
lacy of the observation depends. Instead of mcasnung from the plane of the ciiclc itself to 
the plumb-line, llamsdcn howcvci fixed a small budge to the object end of the telescope, m 
which was inseitcd a pin, fiom winch Uicmoasuicinont by the foiked lod was taken altoinuloly 
above and below, aftci the endo had been liuncd half lound, which mode of measuring, he 
thought, insured the motion of the telescope to be in a veitical ciiclc in the hoavonS, without 
considoiing the question of its parallelism to the piano of the veitical circle} and this was pic- 
cisely the plan adopted by Cary. Whenever Piazzi rectified the supenor and inferior tnicio- 
scopcs of his veitical ende, and of his plumb-line, ho was accustomed to use the zoio points of 
Ins circle, as the points that bisected it most pcifectly into two equal somicuclcs j and, as a 
icason foi such picfoioncc, he affiims that these points did not deviate moie than a qnarlor of 
a second flora then tiue places The damp of the vortical ciiclo and the tangonl-sciew of 
slow motion aie made fast to the left-hand shoit pillai, cairying one of the pans of rollers, .and 
the handle seen dopcnchng neai its lowci extiemity, and paialld to it, cotnmiuncatos the slow 

motion, by taking hold of the sciow's arboi with the hollow squaied end of its universal 
joint. 

10. Adjustments .—When the telescope has been brought to distinct vision of a terrestrial 
object, the fust adjustment will be that which makes the veitical axis pcipendicular In all di- 
icctions, which may be peifoimed by means of, tile plumb-hnc, by halving the eiroi, paiUy by 
the sciews of the subjacent cnculai plates, and paitly by the adjusting screws of the cock of 
suspension, or by tinning lound the oxcentiic disc of mothci-of pearl forming the object ol 
the compound micioscope, or ghost appaiatus, which, for small quantities, is a inoie conve- 
voL. in 3 ir 
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jiient opeiation. When the veitical axis is adjusted, the micioscope, leading the aziinuthftli 
ciicle which is now peifectly hoiizontal, must be so placed and rectified, that it inay view the 
dividing stiokes of the limb, and the wires in the common focal point, distinctly at the same 
time, and also make just six levolutions in measuiing one space the diiections foi eflFecting 
which lequisites, aio given in the section above referted to. The iclative positions of the ba« 
lusUade, that caiiies this leading micioscope, and of the zeio of the azimuthal ciicle, must 
also be so situated, that when the telescope is brought tiuly into the meridian, the veio of the 
micioscope is capable of being made coincident with that of the ciicle, which may bo effected 
by turning the iing cairying the balustiade a little lound the pivot of the veitical axis The 
collimation m azimuth must be lectified by turning the vertical axis half loiind till the micro¬ 
scope leads the opposite zero, and by obseiving a distant matk in both positions, bofoio and 
aftei the telescope has been leveised, when the enoi will appear, which must be done away 
by continual halving, paitly by the pioper sciews m thoeyo-piece that move the vertical wues> 
and paitly by tinning the axis a little, and alteiing the leading on the scale of the micioscope, 
till the distant object is bisected in both of the icvcised positions. aftei which the telescope 
may be finally placed in the moiidian, and the zeiocs of the micioscope and of the cuclo’s 
limb be made again to coincide. The eiioi of collimation in zenith distance may lastly be 
adjusted, either by a distant mcndian maik, oi by the pole stai, at its mciidian passage j foi if 
the loveiscd positions of the ciicle anduiveision of the telescope give the same zenith distance, 
no erroi exists, but when theic is an appicciablc difference it may be made to disappeni by 
icpcated halving, paitly by the contiary sciows in the eyc-piece, intended foi tins puiposc, and 
partly by displacing the scale of one of the vei tical cade’s reading micioscopes, till the ob¬ 
servation IS the Same in the inverted positions of the telescope, and roveiscd positions of the 
eircle } after which the second microscope must be put to coi respond to the position, exactly 
opposed to that of the first 5 and the mstiument will bo fit for use, provided that, in making 
these,adjustments, the plumb-line still shows that the axis of the vertical ciicle is hoiizontal, 
for adjusting which it has the usual veitical screw at the T boating the firoiit pivot, 

11 , With respect to the mode of making the observations, suppose of zenith distances; if 
the instrument had no ciroi in collimation, the two readings of the microscopes would at once 
give a mean, wlicn the star is seen ciossing the middle of the field of viow upon the hoiizontal 
wirej but whore theie aic so many pillais and aiclies of metal exposed to different stiata of 
air, not piecisely of the same tempciature, it is found flom, expeiicncc, that the adjustments 
will not be permanent, and that good icsults may be obtained, pnrticulaily with tins instru 
ment, lathei fiomthc application of known collections, than fiom a dependence on the con¬ 
tinuance of peifect adjustments for any consideiable time.. When the voitical axis is truly 
peipendiculai, and the eiroi of collimation m zenith distance known, this erroi applied to a 
mean of the leadings will be sufficiently collect, but the change in the tempciatuie of the in¬ 
ternal ail, that is continually taking place fiom the opening and shutting of doors and shutters, 
nothwitlistandmg eveiy procautibn, Will a'lways rendei such single obseivations, made m one 
position, doubtful, and lliei efore cOiTeSponding observations of the same body, made in le 
versed positions, should always be ptefeiied ^ and when several of these are taken, m which 
tlieie exists'but slight disciepances, a mean of the whole is most to be depended on If the 
leversod observations, with the face of iheW 6 rtical ciicle alternately placed to the cast and 
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west, be made on the same evening, the circumstances affecting the adjustments aic most 
Jikcly to be sunilai, and the euoi in collimatton will disappear, by having contiaiy signs in the 
diffeicnt positions, though m this case the body obseived cannot be on the mondian at both in¬ 
stants of making the obseivations 5 but the tables of leduotion to the meiidian, given in oui 
fjist volume, will, with a little tioublc, icmedy this inconvenience. Yet the cuclo’s voiUcal 
axis must have its position coiiectat both instants, or theie will exist an on or aiising fiom the 
inclination towaids cithci the noilh or south, that will affect both observations alike, for whicli 
theie 18 no couoction, but what must bo estimated fiom the situation of the plumb-lino, that 
has no scale foi indication. If tlic stai is obseived on the meridian on two successive nights, 01 
after an interval of some days, a slight change will have taken place in the zenith distance 
itself fiom picccssion, abouation, and nutation, and also the instimnent may not be in the 
same state of adjustment, as to colhmation, and peipendiculaiity of tho axis, that it was at the 
fiist pciiod. hence diflicullies picscnt themselves in cither case which minute attention and 
delicate inaiiagomont alone can ovoicoino. Tho insluimcnt could not have been in bottei 
hands than those oCVuz/a, and of his liighly gifted assistant Cacciatoic, who, foitunately for 
asUonomy, succeeds him m tho Obscivatoiy at Palcimo. 

Ig, The late propuetoi of the instiument wo have heio dcsciibed, has enumerated eight 
advantages winch it possesses ovei its quadianlal piedccessors, which aie as follow —fiist, the 
graduated ciicles aie not encumbcied with vciniois, so as to have then divisions defaced, or 
steadiness molested secondly, the subdivisions aio lead by micioscopes that magnify nine 
times, so that the least quantity may be nppieciatcd. thiidly, the vcilical ciiclc 1ms its piano 
made by levolving on its own axis, and also its ciicular lines sliuck liicicAom , coiisoquontly 
a deviation of the plane, and an cxcontucity of the divided- ciicles aie both avoided; 
fouithly, the compound cucio picscivos its figiuo much hcttci than it would have done, if il 
had been oast in one solid piece fifthly, the obseivations maybe icvcisod with icspcct to both 
zenith distances and azimuths; thciclbic a mean of two icveisod observations of a zonitli^ dis¬ 
tance will con ect tho ou 01 s of the limb aiising fiom oxcentiicity, and also the oiior of col- 
Umation m zenith distance, which will bo pins in one position, and minus ui tho other. sixthly, 
tho instimncnl may bo clamped to the balustuulo, and used as a transit nistriimcnl; seventhly, 
it gives zenith distances and azimuths at tho same tune, and Ihorefoic is particulaily useful m 
single obsci valions of a comet, oi other tcinpoiaiy phenomenon; lastly, the icfiaclion of the 
atmosphere, coiicsponding to a given tcmpciatuic, may bo cxpoiuncnlallydetcimined by com- 
paung an obseived zenith distance of a known star, with its computed zemth distance, in a 
known latitude, when the azimuth has also been obseived. Indeed it was in this way that 
tins zealous and pciscvcnng astionomei deteimincd the mean rcfi actions contained in his table 
at page 16 of our fiist volume. 

18. Among the vaiious astionomical woiks published by Piazzi, may be mentioned one 
deserving paiticulai attention, punted in folio at Palefftio in I 8 OO, entitled Del Reale Ossetia- 
teno di Palermo, m six books, containing a variety of useful piaclical infoimation, paiticulaily 
respecting his compaiisons of the stars AUati and ProCjj/on with the sun, at five successive equi¬ 
noxes, 111 the years 1803, 180<t, and 1805, Wc may congiatulate the cultivatois of astionomy 
on the continuation of this useful woik by Niccolo Caccialoie, the piesont snpciintcndant of 
the obscivatoiy at Paleimo, whoso fiist volume, having the same title, was published m 1826 , 
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and contains in three books, numbeicd VII. VIII. and IX., vaiious lists of i educed obsorva'* 
lions of the planets, sun, stais, and comets made by the cucle now iindei oui notice, as well as 
by the tiansit-instiument. The authoi has not given the obseivations piecisely as they woie 
journalized, with notices of the eiiois of the clock and of the instiument, as is done in most 
othei observatories, but has himself applied the collections, and given the obseivations lednccd 
to some epoch, and lias moieovei given such explanations as leave the icadei little mote to wish 
foi. The volume may be considcied as a ledgei, in which sepaiate cuuent accounts are opened, 
and continued from year to year, with each sepaiate planet, and with the othei bodies, that 
have been successively obseived We cannot convey to our leadeis a bettei idea of this mode 
of publishing the lesults of obseivations, clcaied of all eiiors, and ananged under distinct heads, 
instead of giving the obseivations themselves, than by copying a few specimens fiom Caccia- 
toie’s first volume, aftei premising that the capitals m the seventh column of the fiist specuncn> 
VIZ. I. S. and D. S. denote the two positions of the circle. 

14 PLACES OP THE PLANETS OBSERVED BY THE CIRCLE 
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Kcniarks 


In the preceding specimen of the selected obseivations, the places of the two planets, Vesta 
and Saturn, me compared with a stai of »the sixth magnitude, which, in Piazzi’s Catalogue of 
ISl-i, 16 No. S39 undei the hour XX, where its place is given foi the beginning of the nine¬ 
teenth ,centuiy, viz JRr: SIO’ 18' 58" with an annual piecessionin arc = 5S",02, and dec. =21* 
S<li' 17*'.5 S, with the annual piecession =: — 12".98. If we compaie the zenith distance of the 
-stai given by th^ instiument on August 1 with that of August 2, we shall find the collection 
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in collimation was ± S6".5 j fiom a companson of the second clay’s observation with that of the 
third, it will be ± S3".75 , and from the obseivations of August 7 and 8, it will again be found 
to be ± 36".5 , then if this quantity wcic applied with a positive sign in the position L S. and 
with a negative one in the position D S, the zenith distance of the stai might have been ob¬ 
tained with equal accuiacy on any of the two fiist and two last evenings of observation, with¬ 
out reveising the position of the axis, though not with the same degiee of confidence, since 
the intei mediate obseivations indicate a change in the eiroi of collimation, oi of the position of 
the axis, oi otherwise in the obseivei’s use of the telescope. 

15 Aftei wc have been piesentcd with sovcial soiics of compaiative obseivations of all 
the planets with thou neighbounng stars, wc then find the reduced places of each of them 
classed in succession undei the individual planet, out of which wo may examine the places re¬ 
sulting fiom the paiticulai obseivations above quoted, which stand thus j vu. 

Vesi'a. 
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See. 


This method of giving the places, resulting fiom the observations, alFords much employ¬ 
ment for assistants, who may be occupied m making the computations, and the convenience 
thus affouled of icadily compaiing the obseived with the computed places, as given in Iho dif¬ 
ferent ephemoiides, is calculated to detect cuors m the planetary tables, and may lead to a 
refoira of the elements, paiticnlaily of the small bodies icCently discoveiocl. The author has 
generally given the foiraulae and co-elficicnts from which the reductions were clerivtld j for in¬ 
stance, in computing the longitudes and latitudes frohi the right ascensions and declinations, he 
has taken the mean obliquity of the ecliptic for 1800 W 27' 5G", with an annual diminution 
of 0*.42, and the lunai equation of the obliquity = ~ 9".G3 cos long, c's B. He has not ob¬ 
served the planets Venus and Ceies. 

16. Aftei having arranged the obseived places of eight out of the ten planets, the author 
favours us with a list of the apparent oppositions of six of them, as observed in different yeais 
from I794f to 1821 inclusive, when opportunity occuried; and as these observations and places 
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computed fiom them are not numeioiis, we will give them entue, as another specimen of this 
astionomei’s felicitous disposition of the mateiials furnished by the circle, of which we have 
given an account m this section, 

APPARENT OPPOSITIONS OP THE PLANETS, OBSERVED AT PALERMO. 
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17 . Wlien this circle is paitially exposed to the solai rays a deviation from the true porpen- 
diculai position, of 4"or5*j usually takes place, and adiffeience m the two semicircles of 10 " or 
IS" IS also ficquently pioduced, though tiie greatest erroi in simple graduations docs not exceed 
3" in the veitical circle, In the azimuthal ciiclc the cnoi in each of two quadiantsis H G", and 
m the othei two — G". But notwithstanding this influence of the sun’s heal on the expansion of 
the veitical ciicle, and perpcndiculauty of the veiUcal axis, so many solstitial ohseivatioiis of 
tlie sun weic made m the yoais 1817 j &c. to nichisivo, as give the obliquity of the ecliptic 
in the most satisfoctoiy manner, viz. foi theyeai 1809 — 9S° 97'51",64 with an annual variation 
of — 0 ", 4 fl very neaily. Tins dotcimniation accords veiy well with a mean of all the determi¬ 
nations made at tlic piincipal observatoiles, but yet, as has been the case at many of them, 
tlieie is hole a diffoionce of upwaids of 5" between the detcimination aiising fiom the solstitial 
obseivahons of summei and those of winter, the obliquity appealing to bo at rnloimo always 
the greatest in sinnmci, as at Giccnwich, though Bessel’s observations show no such constant 
excess in summer, but sometimes the contiaiy. [Vol. I. p, 48G, Tab. '1<.3 

18. A second azimuth and altitude cuculai mstiuinent of much largci dimensions, was 
neaily constructed by Rainsdcii, and aftcrwaids finished and divided by Bcrge, his succcssoi, 
for tlie obseivatoiy of Trinity College, Dublin The duunotor of the veitical ciiclc, of this 
equally celebiatcd instiumeut, was oidcicd to bo ton feel, and the materials were actually fotin- 
ed and put loughly together to suit such dimension ^ but the slructuro was consiclorod too bulky 
and heavy, and was thciefoie icduccd to nine feet, in which state, wo undeistniid, it was ac> 
tually divided, but, on fiuthcr consideration, it was 1 educed a second time, to eight feet, in 
which state it WHS not completely finished when Ramsdcii died but foilniiatcly his assistant 
and successor was competent to do ample jiislice to the completion of wlint woik loniiuncd iin- 
peifect. This instiument, 111 the hands of one of the fiist tlicoicUc and piacUcal nstiononiois 
of tlie age, has pul itself in competition with the moie recent circles erected at Gu'onwich by 
Tiouglilon and T. Jones, and up to the present momoiil disputes with them Iho claim to nc- 
cinacy, with icspccl to that suigle second which constitutes the apparently cxisluig diflbicnco 
between them, as it legaids the subject of paiallax of certain stars in north polar chstanco, sub 
judtee hs est. Di. Ilobuisoii, proiessoi of astionomy at Aimngh, affirms, notwithatiuuling the 
size and weight of the Dublin iiistuimcnl, that* “tlioio docs not seem to exist any exconlricity 
ill It ” and on tins account the iclalivo positions of the ihtee leading micioscopos, wlicn the 
fbuitli 18 neglected, aio not so objectionable as they would have been, if oxccnliioity had ex¬ 
isted in a consuloiable quantity, Foui equidistant microscopes wcie supplied to iho ciiclc, and 
weie at fiist dll lead aftoi each obseivatioii, but as the foinlh was placed too far from tlie 
giound to be lead with couvcmciice, and as the thice lemanimg ones g.ivo a mean equally dbr- 
rect, the tioublo of leading the fouith was dispensed with. This disposition of the thfOO mi¬ 
croscopes, two of which bisect the ciiclo horizontally, while the thiid bisects only thb 'lowcr sc- 
inicucle, has been objected to theolelically, but when it is coiisidcied that the readings of the 
flist and thud niicioscopes will always show whetlior or not they continue to bisect the cucley 
and that the two semicircles change places at each icveision of the instrument's pdsitioit hi azi¬ 
muth, the second mictoscopc may ho considered as coriecting for tho effects of temperatiuc oA 


^ Paper "On Oorroqtmg l^nors of the Astronomical Circloi" 
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the cliflPeient semiciicles, when a star is obseived in both positions in immediate succession, al 
01 befoie, and aftei the ineiidtan passage this appeals to have been Di Bimkley^s piacticej 
though his observations tliemselves have not been published, that furnished the data foi his many 
elaboiate computations and valuable deductions, lespectively contained in iho tiansactions of 
the Royal Society of London, and of the Royal lush Academy, The dcsuablc piopoity, that 
this constiuction of a ciiculai mstiument possesses, of obviating the effect of its own eiiors, in¬ 
cluding that of colhmation m zenith distance, by a leveision of its position, has been duly ap- 
pieciated and insisted on by the leained and dignified piofessoi, who has expciicnced not only 
the utility but the convenience of such propeity. Each double observation is thus independent 
and conclusive, 

19* The Dublin mstiument has the advantage of pillais of masomy, instead of metallic 
pillais, foi suppoiting the supeuor end of the veitical axis^ which impiovomcnt must picvont 
the fiequent dciangement of the perpendicular position of its vertical axis, as well as insuie 
steadiness in the azimuthal motion, in the act of icveising the mstiument, which is essential lo 
the acciuncy of the obscivations The infeuoi end of this axis, icsts on a block of stone so 
placed as not to touch the pillais oi flooi itself, while the upper pivot is adjusted by a system of 
sciews earned by the flame placed on iho stone pillais, and as the whole building stands on 
an extensive solid lock of limestone, no changes of tempeiatiue affect the si ilnliiy of fhehuild- 
iiig. The plan'of this obscivatoiy was designed by X>u Usshei, the fust piactical asfcionomer 
at Tiiiiity College, Dublin, to whose supeiintendcnce the auangement and execution of such 
paita wcic committed, as demanded particulai nicety and attention } and to whoso choice the 
oideiing of the fiist instruments was confided. His Account of the Obscrvatoiy belonging 
to Tiimty College, Dublin'', was lead before the Royal Irish Academy, on June 13,1785, and 
foims the fiist article ot the Tiansaciions of that Society The leadoi who has access to this ac¬ 
count, and to the papcis published in the second volume of the same scientific woik, by this 
authoi, will be satisfied that the wants of a new obsei vatory could not have been better supplied. 
Foi not only did ho employ the fiist artist of the day to const!uct all the instruments, but, 
what pel haps can be said of no oihei obscivatoiy, the solid pillais of Poitland stone weic 
selected fiointho quaiiy as they lay, side by side, so that then concsponding paits, at the same 
height fiom the giound, might be homogeneous, and affected with simiki expansions and con- 
tiactions by changes of tcmpciatuie. The loom winch contains the cuculai and tiansit-instm- 
ments, together with the obseiving clock, is spacious, and the openings aie six feet wide, be¬ 
sides which aiOfSemicuculai apcituies foi the admission of external an, so that Iho temperatuie 

of the loom can babiought to assimilate with that of the external aii, bcfoie the observations 
commence. 

20 As we have given some of the tabulated leaults denved fiom the use of the Palcuno 
instiument, wc will conclude tins section by giving some of the equally iiiteiesting and im- 
poitant conclusions diawn flom the obscivations made by the Dublin mstiument, which lias 
still greatei claims to confidence. The well known contest on the subject of annual paiallax, 
that,has existed foi the last few yeais between Mr. Pond and Di Biinkley, has called foitli 
extraordinary exeition of talent and assiduity, both in making and i educing the respective ob¬ 
servations; and it still lemains a mattei undeteimined whethei the tiifling diffeience, ausmg 
from a compauson of the lespective conclusions, is occasioned by the instruments themselves, 
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01 by the tabulai collections which have been applied as reductions. None but instiumcnls of 
the highest oidei can compete, in deteimining the limit of aocuiacy that is attainable in observa¬ 
tions of sucli exliaoidinaiy delicacy, that all the souiccs of enoi may bo lodiiced within the 
compass of a smglc second. In Di. Brinkley’s third communication to the Iloyal Society of 
Loudon, published in 1821, the following piocess is adopted in leducmg the obseivations, 
which will be best descubed m his own woids.—■“ The observed zenith distances of a given 
stai weie leduced to Jan. 1, 1819, by the common equations, taking the constant of aberiation 
= g0".g5. The mean of these was taken. The coiiect mean zenith distance was supposed 
equal to this mean — e, the constant of abeiiation = 20".25 + x, and the semi-paralhix := j). 
The equations of condition, lesulting from the lespcctive observations, thus contained thice 
unknown quantities. These equations weio reduced to thice by the method of making the 
sum of the sqiidies of the eriois a minimum*. The solutions of these three equations give 
the values of e, .r, and ji, and thence the values of the mean polar distance, constant of abei¬ 
iation, and scmi-paiallax ” The respective quantities accruing from this method, when applied 
to the obseivations of thntcen stais, aie contained m the subjoined Table, whicli explains its 
own columns. 


21. A Table of the Constants or Abeiuiation and Semi-Parallaxes, 
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* Vido “ Thcom MotAs Corpomm CcGlcstium ”, by Gauss, " Tlieonc des PiobabiUtds ", byJjA Pj.Aon , the AppMuUx 
to " The Elements of tlio Theory of Plano Astionomy ", by W Maddy, M A. CohibAdgO, 1820, ond " Counaiagnnco 
dcs Terns, pour Pan 182? ", p 273, ot seq, by M Poisson 
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Ill the pjtecednig list the stais neai the zenith weie ohseived on tho mciulmn, the stnis on the 
south side of the zenith weie ohseived once in each position of the cucle on each day} those 
which aie SO^ or moie fiom the zenith, were twice befoie, and twice after, the leveision of tlie 
instiument, but the otheis were observed sevcial tunes before and aftei then meudian pas¬ 
sages. Whenevei the semi-paiallax has a negative sign, the Onoi may bo consideiod as arising 
fiom the obseivation. The whole numbei of obscivations is ^2633, and the mean of all the 
constants of abeiiation := 20'\37* One lemaikable piesumption that auscs fiom an cxamina** 
tion of these diffeient constants of abeiration is, that the appaiently laigest stais have not then 
constants the gieatest, and consequently cannot be placed the neaieat to tho caitb, and tins, 
piesumption is confiitned by the cucumstance that the biightesl stars have not goncially tho 
gieatest piopei motions, Anothei mfeience, tending to lessen tho difficulties of tho qiiesUoiv 
at issue between the two obseivatoues, is “ that in a ceitain pait of tho heavens of consuloiablo 
extent, many of the stars exhibit a sensible paiallax ** 

SS The method of aiianguig and leducing the obseived zenith distances at Dublin 
Obseivatoiy, when cxtiacted fiom the jouinal, will appeal without explanation fiom tlie fob 
lowing specimen. 
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26 18 73 

1 2 17 

20 20 

.41 

28; 

0 

W 

28 32 68 

1 2 33 

24 40 

.31 

37 

2 

W 

23 80 68; 

1 1 .40 

^1 .■■■■I ..I,.v 

26 70 

40 

.20 

10 

E 

26 23 00 

1 2 23 

1 . 

26 41 

32 

80 

3 

E 

26 14 67l 

1 1 36 

26 111 

40l 

.27 

11 

W 

23 32 73 

1 2 43 

26 04 

33 

30 

7 

E 

26 16 17 

1 2 43 

20 50 

30 


12 

E 

26 22 40 

1 2 30 

21 24 

33 

36 

0 

i; 

W 

1 

: 

23 30 1)7 

i 2 78 

20 02 

30 

31 

met' 

10 

1 w 

1 23 32 07 

1 2 38 

26 47 

34 

35 

14 

E 

25 10 03 

1 1 80 

20 86 

34 

35 

24 

li E 

' 26 24.43 

1 2 29 

20 49 

36 

34 

20 

W 

28 48 67 

X X 96 

27 33 

20 

80 

1 1C 

] 

E 

26 24 83 

1 2 22 

20 84 

38 

33 

23 

E 

26 11.68 

1 1 39 

27 30 

27 

40 








1 1^4 

W 

28 47 .'40 

1 2 38 

20 71 

27 

41 
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I*rom these seues of obsei'vaitions it appeals that, agieeably tO theory, as tlie quantity ex- 
picssing ihe eiioi of abeiratibn in N P. D. incieases, the quantitj''^, expressing the seini-i>aiallax, 
decicases, and vice veisd, one becoming a maximum when the other is a mimmum, and the 
cdBitrftijy. In icducmg the observed to tlfe mean noith polar distances the piecessions, col¬ 
lected for ploper motion, welf’emscd as given in the Nautical Almanac. 

23. The coi 1 ection used for lunai nutation was ~ 8".28 sin (Al - o ) - l".gg sm (Al + «) 
but by a-compaiison of the observations made from 1809 to 1814- with those made in ISIS— 
1830, th^laulhoi finds that this corfeetjon ought to be — 8"06 sin (Al-fl ) - l",19 sm 
(At + 53); but the adoption of the lattei will' make no sensible ditfeience in the deteimination of 
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the constant of abeiiation and of paiallax The solai nutation used was - 0".4i8 sin (EX -So), 
disregaiding the smaller term, but with the impioved lunar nutation* Uie solar nutation will 
become — 0".52 sin (^ - 2 ©) - 0.02 sm (idl + 2 o) 5 not matciially diffeicnt fiom what 
was used. In stiictness, the stais used foi dcteimining the greatest co-cfficicnt of lunar nuta¬ 
tion of the obliquity of the ecliptic, should have then zenith distances observed thiough the 
whole peiiod of the icvolution of the nodes, in oidei to obtain the annual vaiiation of zenith 
distance foi each stai, but as that had not been done, such stars were selected, foi the two 
periods above specified, as had then nutation respectively a maximum, and with contiaiy signs; 
so that no unccitainty might ause fiom the omission of the othci poitions of the peuod Ac¬ 
cording tothelimai nutation used in the collection above stated, the gioatcst term will bo 
9''.50 cos jj, and supposing the tme co cfiicicnt to be = 9".50 (1 -h ly), tho illustrious aulhoi 
found fiom Ins two soues of observations tho equations, and moan of all the co cfiTicicnts of 
nutation, agi ecably to the contents of the following Table. 

24>. A TAwm 01? iiiB Gkeatest Co-ew?icient of Lunau Nutation of the 

EcLIPITc’s OlSLIQUITV. 



No of Obsoiv 
180«-1814 

No ofObaerV 
1818-1820 

Equations doclucod 

Grofttest Co- 
oilicieiJt of 
Nufctitiou of 

Obi Kcl 

Capella. . 

80 

96 

54".20 + 8 .49 1J = 

53''.50 ~ 7 .79 

9''.09 

jS Tauii . 

18 

84) 

21.78 1- 8.66 y ~ 

91.05 ~ 7 .63 y 

9.45 

; Ononis . 

18 

14-8 

9.94 H 8 .811/ - 

7.98 - 7 . 097 / 

8.75 

Castoi. . 

10 

66 

30.23 1- 8.92 ^ = 

30.42 - 5 .18 71 

9.62 

Procyon• • 

16 

186 

8 h 8 401 ^ 

7.30 - 4.88 y 

8 .74 

Pollux . 

10 

65 

44.98.4 8.79y/ = 

44 .29 ~ 4.81 ^ 

9.01 

y Di acorns. 

27 

182 

7.54 - 8.65= 

7.90 4 5 807 / 

9 .90 

« Lyim, , 

126 

155 

42.69 - 9.14^^ = 

42.94 4 7.8977 

9.36 

« Aqiiil® . 

76 

238 

4.94 -- 8 .74 = 

5.10 + 7.42y 

9.40 

« Cygm . 

4»7 ' 

' 120 

49.15 - 7.48 y - 

- • ■ 1 _ ■■ ......... 

42 .77 + 4.97 J/ 

9.03 ' 

“ 1 1 . 

' 378 

. ,1'' 

,1240 ' 

... .. 




Since the number of observations taken of some of the slais at tho fust period was dompara- 
tively small, a mean was obtained by giving each result a weight proportional to the number of 
observations of each star that penod, which produces a mean result of Taking 

this deteimination as coriect, and omitting the small terms depending on '2 iqilg B, we shall 
have I 

The nutation in N. T D. =: - 8".06 sin (iR ~ Q ) — l'',l 9 iglp (dl. + «) 

The nutation in Al s= (- 8" 06 cos (Al- & ) - 1".19 coS 4 (iI^+ « ) c6t N. P. J), 
Equation of equinoxes in At = -■ 15".8G sm & < \ '" 
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Equation of equinoxes in long “ 17''*29 sm r 
Equation of the obliquity of ecliptic = 9".25 cos £j 
The mass of the moon = -gVi that of the earth being unity 
Eoice of the moon on the sea = 2^, that of the sun being unity. 

These aie most iinpoilant results, as they legarcl the futuie leductions of astionomical observe* 
tions, and such as none but an astionomei of the hist eminence, possessing supciior means, 
could have accomplished in so satisfactory a mannei 

With lespect to the performance of the circle's indications in the opposite exti ernes 
of tempeiatuie, the authoi has given a small Table containing the observations made at vauous 
times on nine piincipal stais, fiom which a compaiison is made of the north polai distances 
deduced in the opposite seasons, and it appears that the mean of the dilTci cnees, of 848 summci 
obsci vations, and of 4)14i winter observations, is only xfffths of a second. The obseivations of 
the pole-star also, as taken m the four seasons of the year, accord so icmaikably, in giving tlie 
co-latitude of Dublin Obseivatoiy, that a tiansciipt of the deductions given in a small Table, 
will satisfy the most sciupulous inquiry, 


OnscBVATioNs or the Pole-Star. 


f 



No of Ob* 

ficivfttion84 

r~- 

Zen Dist of Polo* 
St«r 

Co-Liititudo of Ob- 
fecivatory 

Autumn. < 

76 S. P. 

84* 57' 2l".24 
88 16 11'.84 

\ 86“ 86' 46".53 

Wintci. i 

72 

64 S. P 

34 57 21.51 
88 lb 11.89 

j- 86 86 46.70 

Spang. •! 

64 

71 S. P. 

34 57 21.26 

88 16 11.71 

1 86 36 46.49 

Siimmei < 

72 

60 S. P. 

84 57 21.87 
38 16 12.13 

\ 86 86 47.00 ‘ 


j 

S6. We have only to obseive furthei on the subject of the Dubliri observations, what is 
iinpoi tant to, be> tried .at other obsei vatoriesi that thd true correcfiplrt of the refraction seems to 
be that which depends,Wirely on the mternal thcnnometei} tlie results dejpendmg on it being 
moie accoidant, thatl when the external thermometer is applied either singly, or jointly with 
the internal one. and lq8tly,<with respect to the enois of observation, of » Lyrm foi instance, 
out of 157, m two only the error exceeded 3", ip ten it exceeded in flfty-one it was more 

111 105 it WAS less than,,a single second, the obseivations in anyone day being 
a^ a single observation. 

' smaller instiuments made on a similai plah, by the late W. Cary, but so as to be 

portalil,e'^'may be consideied as of,the same school, and one of the larger ones, used by Besself, 
has been Ivejd iih high estimation, •! ." . , 
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J LXVII. THE WESTBURY ALTITUDE AND AZBIUTII CIRCLE BY TROUGIITON [Plato XXIV ] 

1. After Mr Tioughton had constiuclccl several small alUtiicle and azimuth ciiclcs, he made 
one with <i veitical circle of two feet in diameter for Count Biuhl, so long ago as in the yeni 
1792 , that probably exceeded in accuiacy eveiy instiumcnt that pieccdcd it, but as the obseiva-i 
tions made with it weie few, we pioposc to dcscube ui tins section an instmniciit by the same 
inakei, winch, in the hands of Mi. Pond, detected the ertois of the Giecnwicli quadiant, about 
the beginning of the picsent century 5 and bi ought him into notico as a skilful and accurate 
observci. Fig. 2 of Plate XXIV gives a perspective view of this instuiment, such as exhibits 
the piincipal parts so cleaily to view, that the description may be imdcistood without Ictteis 
of leference. As it was oiigiiially intended to form an equaloiialinstiument, the circles were 
made light, and the supporting paits proportionally slender 5 but it was at length dctcumiicd 
to finish it so, that it might be used only in a vertical position. Tioughton seems always to 
liave entei tamed an objection to a vertical axis supported, at its upper end, by metallic bcaung 
pieces, that must be occasionally exposed to the solar rays, or that ihny be subject to vaiiable 
expansions in the diiTerenl states of the atmosphoro; ho therefore contrived to conceal the 
vertical axis, on which the azimuthal circle revolves, in asfSlone pedestah into which it descends 
to a considerable depth. ' 

2 . Tins axis, which is not seen in the figure, is flimly attached by screws to the cioss ho* 
rizontal bai, or thick plate, which bears the long vcitical pillius of brass, that suppoit the vei¬ 
tical circle, and is also made fast to the ccntie of the azimuthal or horizontal cucle, the stone 
pedestal is hollow, and holds a brass conical socket fiimly fastened to it, that leachos down 
almost to the giound. This socket leceives the vertical axis, and consequently beius the weight 
of all the moveable part of the insti'ument, which turns on an obtuse point at the lower ex- 
treihity, while the upper end of the axis is kept m its place, by a right angled Iplc, having 
two springs opposite the points of contact, which pressit against its bearings, while it turns 111 
contact with only four points with a steady, easy, and pleasant motion. The bar in which the 
vertical axis is tlius centeicd, is acted on by two adjusting sciews, that are independent of each 
othei, and Stand at i%ht angles the one to the otheit, by means of which the axis is adjusted . 
to its tiue voitical diiectiCn, 'While the blunt point continues, in its subjacent cup. The fraffid,< 
to which this apparatus is attSiclkd, is composed of a cential portion and six strong ilphjcal' 
tubes of brass, screwed to as many bearing pjoccs, standing on and made fast to the' Sl3< eorhci'S 
of the hexagonal cap stone of the pedestal, as' exhibited in the engiaving. 

S, The azimuthal circle is composed of smallci conical radial lubes and a circular limb, 
of two feet 111 diametei, divided into spaces of i of a degree all round, and, being ihttde fast 
to the veitical axis, tuins round between the racllatcd fiame, just desciflbeth andtfie upper end 
of the pedestal} its divisions ate read by two opposite miciomepical iftWoscop®, of the con¬ 
struction we have described [§ XLVUI.j, and the slow motion is regilliyted by a sciew with 
ttlfo milled heads, seen near the iight-hand micioscopc in the figu,re,'iii'ftich acts with the ex* 
terior end of a compound bar, that, terminating with a lai^c ring' kt'ithrdugh at the remote 

i I * 
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bide, clamps the top of the axis above the fi'ame, by means of a stiong sciew cnteiing the ears 

of the semi.iings, and closing them oi opening them, accordingly as the motion is icquued to be 

slow 01 quick} that is, accoidmgly as the clamp is lequired to be attached oi detached. The 

contiguous compound fiamc, caiiyiiig tlie two reading micioscopes at its opposite ends, sur. 

louiids the cential part of the mam frame of ladial cones, that caiiics the adjusting screws, 

and IS fixed over the opposite zcioes of the hoiizontal ciicle, when the instimnent is placed 
tuily in the inendian 

i< The veitical cade is Unity inches m diameter, and is divided into spaces of 5' of a de. 
gice, figuied into two semi-cudes. its hoiizontal axis is supported by the two 'stiong vertical 
pillais, that till 11 with the concealed vcitical axis, and is composed of thiee stiong tubes, the 
middle one cyhndiical and the two end ones conical, admitting of the tiansmission of light, 
like the axis of a tiansU-inslrument, but is only about twelve inches long, its steel pivots lest 
in adjustable Ys, similar to those of a tiansitinstiument. The cncle is composed of two 
limbs having their sepaiate conical radial tubes connecting them with the cylinducal poition 
of the axis, and being themselves united by a number of bais intciposcd between and made 
fast to both, at right angles to then faces. Tlje divided face is read by a pan of opposite read¬ 
ing micioscopes of the raiciometiical kind, that at first weie fixed m a stationaiy position, but 
weicaftenvaids, at the suggestion and desiie of Mr. Pond, made to levolve through an arc of 
00° fioin tiicir lioiizontal position, foi the puiposo of taking observations from a new and dis¬ 
tant /CIO, winch, when there avp^only two micioscopes, is a dcsnablo property, checking tho 
divisions of the ciicle. A revolving level lemams constantly suspended, paiallel to the hoii- 
zontal axis, as is usual with tho axis df a tiansit-mstrument, to watch its position in all eleva¬ 
tions of the telescope, which is achromatic, having three feet and a half focal distance anc^-two 
inchds and three quarters apeiture,''wfth'iii'ffltereiit magnifying powers; but a principal feature 
m the construction of this Instrumont is the mnner, in which a plumb-line is applied to insure 
the pcipendicular position of the vortidhUxls during any alterations that may take-place inthd 
indication of the telescope’s level by clianges of temperatuie-* ^ * 

5. In zenith sectois, and astronomical quadiants, points had usually been madcmuthofiioss 
0 t m graduated limbs, which were bisected by the plumb-line at two distant places m a vertical 
me, m reading which thcie waS always; some paral'lak and besides, tho line could not bo re- 
euc to at tho moment of making an obsorvatiofl such iiistiuments; in that case the 
plurab-Ime had refeionce to the situation of the fi^tedpcfisqts, to whioh ft could bo applied only 

occMdly,andthorefore was noohechdn the perrdfeeiice'bf'the instiumcntis position at 

le lines o inaong tlie ol)$cr\ltStid|isbut h^ie tillsjplutttWIfife bas lefoience only to tho ver-^ 
tica position of tho^iaj^fll^rtich it' not only but watchls at all, times. A long 

tube of smaller caliMf the p,llais,'is attached to owdf them m a vertidal position, afld 

* 1 ^^ P^*-^‘"ti.lifie,»wiiljhin it, which is suspended from Itfipe-apparatus placed at its Upper 

oMdlMu^isorhris and an angular pdint of sitspentiqn; at its loafer end, 
nf *«®pia'oad'4etosSf, at light angled<to 'each otheri q pair'of micioscopes 

t (I f?®.? with each an altestiible excentlH, - disc, to be bisected by the plumb linp 


I 
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when in pei feet adj iistment. The plumb-lmc will place the vci tical axis ti uly pei'pendicular, when 
the discs of the imcioscopes continue to be bisected duung a whole revolution of the azimuthal 
ciicle, and when this is not the case, one half of ihe^euor must be adjusted by the sciews of 
the suspension appaiatus, at the top of the long tube, and the olliei half by the scicw adjust¬ 
ment at the uppei end of the axis, by lepeating the operation till the bisections aio light in 
eveiy position of the lowci cncle. ^¥ilen this adjustment is completed, the telescope must 
be placed horizontal, by means of the level earned by it, which it will be, when the level will 
reveise in position, and then the nucioscopes must be put to then lespeclivc zeroes, by moans 
of then 1 evolving double bai, and the usual adjustments made loi distinct vision, and value of 
thescicw, as aheady explained When these adjustments aie peifcct, the instalment is in a 
state to be employed in measuiing zenith distances in the following manner. 

6 . Having lelcased the clamp of the vei tical axis, Imn the axis lound till the telescope 
points duo noith oi south, as netu as can be asccilained by ordinaiy means, and put tlio ini- 
cioscopcs of the horizontal wide to their zciocs j pioccedwith the adjustments of the tele¬ 
scope foi position in the meudian, hoiizontalily of its axis, and ooUimation in ftzimulh, in the 
same inannci as if it wcic simply a transitinsttupient j the rovOtsion. of the axis being made by 
tinning the ciicle half lound m azunutlry'lfctt (jCiSdljust tho^^^W^r lidlei'osoopos ito their tiuo 
places on the houzontal ciiclc* in this state Of ipropliratlOfiP ife tolcscopb iitloy bo pointed to 
any paiticular star, that is passing the ineudiauj lyljicli'way bo made ®Iong the hou¬ 
zontal wiio in the field, supposed to be duly placed j tills is easily Rioted by damping the 
ciido as soon as the slai ip in the field, .mil by using the tai^Oiit sorow foi placing it on tiie 
Wiie. When this is done examine the plumb-hno, andsoo that the disc, aflbcting the all^udo in 
the piesent positioHj' is propeily bisected, if it is, the microscopes must bo row icad, and then 
'readings noted in the journal j this coustUutes one half of an obseivatioii only, because at this 
stage, the error .of collimation in zenith distance is not known 5 on the following night, oi as 
.soon as opportunity will permit, turn the horizontal circle half round by its microscopes, pd 
examine the ac^justinents^ then, yfhen the same .star passes again in the new itieruhiin position, 
(let itiije brought to the jh'oriiiontal wire agaiOi wjfilo the plumb-Une cuts the propei disc, and 
the observation wiU'be complete} the microscopes of'tho vcitical oiiclo must now be road, and 
the leadings noted as before} then if the stun of the two meansi with the addltioit of J) 0 °r 
make exactly 180^ thoie is no enor in the colliinatiou} fiRd ope part of the observation will’ 
give the true appaafent zepjth disiatieoj laiicl tlie otlwjr-.aktnde, when 90 “ are subliactO|it} 
but if the aojount'is more or that!'ISO*.of ^i^xcess 01 tlofocl will bo the 

and must bo applied, as a correoMofi, wto,ift oottiiiiwy itga, .''jbR'' each poition of the'entire ■db'' 
seiyatiou, to give the exact zenith dlstartoe br 'aS the observation may feqfitr#) and 

after this a single observation may he ma(Jo,'l(i {^0 'position of Urn'lnsfoumeRt, as long as the 
adjustments and collimation error remain 'th®-same,' ' ,ff ' 

7 . It will however beeafer to oowsiderths, wor yaiiablo} to m'ftlfeo (biieiy obsdf’vation in 

the revelsed poai'tidi|gj and t6 take ,Wf,th4 pf #ic two the tuie ze¬ 
nith distance observfd^ provided the be short ', atid as ina)dc before and 

aftei the meiidian, 6an be reduced to the ineudian with but little mt<?rval may Jap 

confined to five or ten minutes, during whidh tune utlie star may moie than otipe 

in each position, and consequently while tbo adjustments 
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ever took the leveised obseivatioiis on successive days, as soon as the weathei permitted, and, 
having obtained the zenith distance collected foi lefiaction, ho afterwaids leduced it into mean 
polar distance by tl!6 tabulai collections in the usual way. The following example of Ins me¬ 
thod will rendei all fuithei diicctions unnecessaiy. 

ct Pegasi. 


1800 

Obsci vdtions coricotcJ 
foi refraction 

Bniom* 

Then 

Nov* 

17 

142“ 

54' 

25".9 

S9.7 

”46 


18 

87 

6 

11,9 

30.1 

44 


19 

37 

6 

10.0 

30.2 

40 


SO 

142 

54 

21.8 

30.8 

40 


S6 

37 

5 

49.8 

29.5 

44 


S7 

142 

54 

00.1 ■ 

29.6 

42 

Deo, 

'g4 

'14(2 

53 

30.0 

29.3 

47 



87 

5 

23.7 1 

'29.4 

47 


S6 

37 

5 

25 .0 

29 4 

43 


31 

37 

5 

24.0 

29.8 

88 

Jan. 

1 

37 

5 

22.8 

29 .7 

.45 


8 ' 

1 

142 

53 , 

32.1 

29.7 • 

4.7 


llefinction 


Zen distances coirccted 
for icfi action 


Mcnn Polar Dist for 
Jan lOOOj coJntitudo 
n8'> 45^ 43' 0. 



pikk 








37 “ 5' 53".0 

75 51 

37 5 54.1 

1 75 51 

37 5 54.8 

75 51 

37 5 6C.8 

75 51 

37 5 56.0 1 

i 

! 

75 51 

1 

Mean i 

“ ■ #■! ■% 1 ■ lb II 

75 51 


.7 
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8 . The pimotple of this method of ohsciving may now be thus explained, when the tele¬ 
scope has been pointed to a star in the southern quadrant of the circle, at an elevation of say 
46 ®, It is then turned half round in azjmLitli, and in this second position will letain its eleva¬ 
tion of 40“} then in tinning it overfiom the noitlvto the south aspect again, to catch the, 
same stai, the limb of the cade, connected with the telescope, mil pass ovei the zenith dis¬ 
tance twice ovei, viz» and as much moie oi less as is equal to twice the cnoi in col- 

lunation j foi tinning the telescope back, from,noith to south again, inveits the eye-piece, and 
turns the horizontal wiic the lower side upwards, and produces a posituc ouor in one position, 
add a negative one in the olhei, supposing the adjustipent incomplete, but as one pait of the 
double obseivation is given in altitude and the other m^zonfili distance, the sign of the coireo- 
tion must remain the same in both positions; because ^ p/Us cbfiection in altitude is a mnus 
collection in zenitl} distance, artel the contraiy; consequently leaving the signs alike, when 
Applied to observatfonsllfjfhe two different denominations, is the same thing as changing thOi 
, signs, when the denommAllbps of the obseivations are similai* ,, Now the two halves of the 
' ;Aro passed ovci, m tiil^iiil%Hlie telescope bAck, he at eachjsideof the lino pointing to the 
zenith,^litiIS evident that halfthe ate passed ovci must be ilhe zenith distance, when the error 
is applied 01 half the sum of the’yhold'arc will be the zenith distance’without lefeience to 
the 'eJrofir'.'Wihlch in this case disappears by an opp^tion of signs. All theicfoie that the 
plumb litte l 1 ia 8 jtp^dp, is to keep the Ifne ij^ititing to the zenith in its tiue place, as being 'the 


line thatr bl^^Ottfthe total aic moved dier. This beautiful and acciuate application of the 

i [ 1*^ ( 
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THE SOUTH KILWORTH ALTITUDE AND 


11 COMPARATIVE MEAN POLAR DISTANCES OF 29 STARS 


Jjiiuaiy laoo. 

Gieenwicli 

l)i/F 

Aiuiagtt 

niff 

Pnleimo 

Djft 

Westbuiy 

Diff 

Meat! of all 

yBrn corns 

38" 

2ir 

63" 0, 

-O''8 

38<> 

28' 

62'8 

^i"3 

38° 

28' 

63'0 

-0"8 

38° 

28' 

63" 8 

4-0'0 

- WT" 

38" 
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§ Lxvin rnE south kilwortii at/titubk anh azimuth circle, by xiiouaiiTON 

[Pj.A'l'J) XIX ] 

1. When Tioughton undertook to wake an altitude and azimuth circle for the Royal Aca* 
demy of ,St« Peteisbiugh, of larger dimensions tliai] he had pieviously chosen, ho foimed the 
axis of vertical motion m a manner, that admits of easy packing foi carnage, as well as of 
gieat convenience in giving the requisite position on any single pedestal pieviously constiucted j 
and at the same tunc the axis itself is guaidcd from the influence of the sohu lays and va¬ 
riable teiiiperatuie of the internal air, as well as that of the Westbury circle Instead of 
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dllGwing the axis to descend mlo the cavity of the pillar, he made a stiong conical axis of hai d 
metal to ascend in an invcifccd position, and to icmain veitically fixed, while a hollow cone of 
brass, foiining tlio axis of the aziraiithal ciiclc, is made to fit it m the nicest raannoi, and to 
1 evolve Iound it without the least play 01 deviation. AVhen the mslmmciil lud been ncaily 
couBti noted it was countoimaudcd, undci an appiehcnsion that Saint Pctoishingh might 
eventually undeigo the same fate as Moscow had pieviously done, dining the attack of the 
Piencli aiiny undci Buonapaitc, but on condition that the deposit money might be letunied. 
This pioposal was immediately complied with, and the instiumcnl became the piopcity of an 
Engli'jh purchaser, whose tunc, since he icceivcd it, has boon puncipally occupied in com¬ 
posing and punting the piescnt woilc, so that the use which might otherwise have been made 
of it has hiUioilo been ncccssaiily suspended. The ciiclcs, both hoiizontal .and vcilical, woio 
divided by Thomas Jones, at a time when Tioughton was so seriously indisposed, as to dcspaii 
of evei being able to peifoim so nice an opciation again ; and the woik was poifonned m so 
accurate and delicate a mannci, as diew fiom the makci himself an oxpiessiou not simply of 
satisfaction, but of admiiation, after he had examined the divisions by the opposite nncio- 
scopes. A Itepott on the ptope) lies andpowers of tills insUumont was icad before the AsLiono* 
mical Society ol London on May 13,1825, and was aflcrwaids pnbbslicd in the second vo¬ 
lume of then Memoiis, but as no plate or dcscilption of the consliluenl parts accompanied 
the lepoit, we will here supply those omissions. 

2 Plate XIX. cxliilnts a pcispcclivc view of this nllitudo and aximulh ciicuhu instill¬ 
ment, on solaige a scale, and fioin such a point of view, that all the cssenlial paits of the 
stiiictuie aio piosentcd to the eye, and may be explained without the tcdiousncss attending a 
leference to letteis oi figuies of indication. The lustuimeut is cxlubilod standing m its 
piopei position, on the cap stone of a stiong pedestal, that is ciccLed on a solid foundation of 
gidvcl, at the depth of five iect within the giouiul, and that ascends io a piopoi height foi the 
convenience of the eye of an obscivei. The stone is icpicseiilcd as being cnciihu, but is 
sq^uaio and loundcd at the four coiners. Tliioe boaiing cups of solid biass aic lot into the 
stone and fixed with plasloi of Pans, in such lelativo situ.itions, ns to foiin an eipulnlcral Lii- 
anglc, tho angulai points of which wcio pieviously dclciniincd to bo the jilnces, wlieic the 
three imcioscopcs, used foi reading the azimuthal ciiclc, wcio lecpuicd to stand, when the 
plane of tho vcitical ciiclo is placed in the mciidian, in ordci to be adjustable to zcio of the 
horizontal ciiclc, This dcsidci atum was easily accomplished, by making the incisions iii the 
stone too large for the blazon suppoileis, so as to admit of adjustment to the inciidian, with 
the instiument standing on them, before the plnstei was poiiicd in. In de>scribmg tho con- 
sti action of the instiument, it will bo convenient to consider it as composed of tlneo principal 
paits, having each its own appendages, which paits we pioposc io dcsciibc scpaiatcly m suc¬ 
cession, beginning at the basis, and ascending as wo piocced 

8. The solid metallic cone, lound which tho hoiizontal circle i evolve.?, rises ucaily 
eighteen inches fiom an hexagonal solid of biass, to which it is well Bcciucdi each face of 
which solid lb a square surface of upwaids of tlnec inches in each direction, thiee stiong co¬ 
nical ladii, tapoimg fiom tlneo inches in diametci to one and tlueo quartern, and each fonitocn 
and a half long, aie inserted into thice of the faces of the hexagonal solid as firmly as pos¬ 
sible, so as to make angles with each other of 120“, and a solid piece of biass is fastened into 

3k 0 
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the 1 emote end of each radial cone, of a substance sufficient to admit of a foot-screw being 
tapped into it ^ these tliice sUong sciews have each a imilcd head above then lower extre¬ 
mities, whicli, being loiinded m the lathe, fall into the cups foimed on tiic uppei ends of the 
bcaung jneces finally made fast to the stone* By these tliiee feet sciews the whole weight of 
the instiument is suppoited, as well as the veilical position of the fixed conical axis legulatod, 
theieftne the screws have stiong tlueads cut in steel, winch act with a female scicw tluough a 
space of two inches, wlieic thiity-six thieads ate engaged at the same time, Iheieby ensuring 
steadiness in the position, which is a most impoitant icqiusitc. To the outei end of each ot 
the tlnec conical ladu a fiamo, including an edgc-bai, is screwed fast in a voitical position, of 
such a height as to hold each a loading micioscope of the conatiaction aheady dcsciibed 
(Plate XL figs, 9 a 10, and 11,) at Iheu due iclativo distances fiom each othei, when adjusted, 
which micjoscopes lead all in the same dncctioii A foiuth sinnhu ladial cone is made fast 
between two of the said cones, at CO’ fiom each, the sole use of which is to hold the clamp of 
the constiuction exhibited in figiues 13 , 14 , and 15 , of Plate IV and explained in the thud 
paragiaph of § XLVL The maiinci in \vhich this clamp is fixed, and held by the fourth 
cone, is cicaily seen in the engiavcd figine. Thus the fust poiUon of the instalment consists 
of the hexagonal solid and its vcitical cone, oi fixed axis, both concealed fiom the view 5 the 
foul auhal cones, the feet-sciews, the fi amos holding the tluco micioscopes j and the clamp 
with its tangent scicw of slow motion, which is so situated, that a lod, having a squaied hole 
with an uiuvcisal joint, can leach it with convenience, when the obscivei has the telescope 
placed in 01 neai the diiccUon of the mcucham 

4 . The second poiiion consists of the hoii/ontal circle, the hollow cone at its ceiitie, iiie 
two veiiical pillais that xStand on it at each side of the ccntic, and the appendages borne by 
them. The cUanictei of the cuclo is such as to admit of a ladiiis of ciuvaUuc of eighteen 
inches to the extreme ciuve of giaduation, the whole cucle is divided into fogi quadianls, tei- 
jnmatuigicspcctively with the lettcifc>S,E,N, and W; and at cveiy ten dcgicos the ilgiuos of in¬ 
dication aie huge, viz 10, SO, SO, &c., and ihc intcimediate single degiees aie denoted by the 
smaller figiues 1, a, % &c,, up to 10, the degice is divided into foui laigci spaces of 15 ', SO', 
, and these again snb-divided each into tluee 5' spaces by slioitei lines, so that one of tlie 
subdivisions of 5 ' is that which the micioscope has to measiue by five exact levolutions, when 
piopcily adjusted foi distance fiom the divided limb, while the eyepiece has distinct vision, 
both of the limb, and of the ciossed lines in the field of the micioscope, as directed in § XIX# 
The ihice micioscopeh have a peculuu advantage 111 measuung azimuths, 01 othei houjiiontal 
angles, in the i^evcised positions of ihc telescope, inasmuch as theyiead al six equidistant 
points of the circle m eveiy double obscivation# The cone of biass made fast to the centie 
of the hoiizontal circle, liuns very steadily and with gicat ficcdoin lound the coucspoiiding 
fixed cone of steel, by beaung chiefly neai the extiemc ends of the lespecUve cones against 
each other. The diametci at the base of the outei cone is six inches. 'Ihc two pitlais stand¬ 
ing upiight at each side of tins circlets centie, aic hollow but veiy stiong, they aie each 
thiee feet two inches long, tapeung upwaids fiom foiii and a half to three inches in dianietei, 
and ar^bnade fast below to a thick plate, into which the twelve smallei ladial cones aiescieMcd 
fast at then innei ends, befoia then outei ends aie fastened by scicws to the lowei face of the 
divided limb. These pdlais aie muted by a stiong hoiizontal bar, through which the uppei 
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ifead of the laigc biass cone passes, which biace keeps them steady m then painllel position, 
A stiong plate of biass coveis each iippei end of these pillais, and extends outwaidly about 
SIX inches to allow the pivots of theveitical ciicle’s axis to be suppoited by then extiome 
ends , which ends thcicfoic aic foimed into gibbets by the icclining suppoiting bais, attached 
at then lowei exticmities to then icspcctivo pillais ■ two of these gibbct-bais appeal daik in 
the figiiic, one at cacli side of the included pillai. A long bar of solid biass lies over one of 
the picceduig coveung plates, at iiglit angles to it, and thciofoi'c paiallcl to the divided limb 
of the voitical ciiclc; its length is thuty-sevon inches, its bicadth two and a quaitci, and its 
thickness a full qiuitci of an inch. As this long and strong bai is intended to bear the two 
opposite micioscopcs, that bisect the vcitical ciiclc in a hoiizontal line, it was necessary that 
it should keep its position unchanged by any accidental foice that might be applied to it, and 
thciefoio, the odgc-bais that snppoit the cxticinc ends arc cuivcd downwaidsUll they meet with 
one of the upught pillais, to winch they aio scicwcd fast in the raannci of gibbcl-pieccs, tliat 
completely answci then pinposcofscciniiig the station of the longhoiuonlalbai. The niannci 
III which the two opposite micioscopcs aie suppoited at the ends of this bar, may bo easily 
apprehended flora the icpioseutations itt the figui’Ci If the insliuraent had been forwarded 
to lliissia agieeably to the oiigniai older, the two raicioscopes hoic spoken of weio all that 
would have bocn applied} but at oui icquest two additional micioscopcs, capable of being 
moved into aiiyielativc positions and kept thcic, wcie without hesitation supplied by the 
makei, and the laigc iing, of about two foot two inclics diameter, was placed paiallcl <0 and 
concentuc ivilli the plane of iho vcitical cucio, by means of siiong screws, fixing it in tlnce 
places to one of the long pillais and to the long bai made fast to its siipeiioi end, as may be 
bcttei undoistood by examining the parts of the figuio The two additional microscopes 
stand opposite each othei on llic stiong iing, that holds them by means of the thumb-sciews 
of picssuic that clamp them , which happened to be the situation in whicli they weio placed, 
when our diaflsmaii made Ins diawing, but the situations, in winch they have boon advan- 
lageotisly used, aic those which foim an cquilatoial triangle with the light hand horizontal 
micioscopc, that has got the iiulcx foi pointing out the sub-divisions of the degree on the ad- 
joining limb, by means of a single stioko caiued by an adjustable pouitcu In these situations 
one of tiio additional micioscopcs stands just as far above the hoiizontal diameter of the cu« 
cle, as the othci does below, and it has been found fiom expoiicnce in vaiiablc temperatures, 
dial, when the leadings of one of those two micioscopcs aie in excess, as compaied with the 
liist 01 horizontal iight-hand imcioscope, denominated A, the olhci will gcnoially be found in 
defect by a siinihu quantity, 01 so noaily so, that no doubt can ausc as to the dcpcnclonce that 
may be placed on a mean ol the thieo. The upper microscope is denominated B, and the 
lowei one C, D being the opposite horizontal imcioscope, which is not icad for the pujpose 
of giving the measurement of any angle of elevation or depression of a star, as it has lefer- 
ence to the hoiizon oi zenith, but as it serves to show that the cuclc is or is not bisected at 
any lime by the hoiizontal line joining the zeioes of the opposite miciometois. If the two 
additional and moveable micioscopcs weie placed so as to bisect the ciicle vcitically, then it 
would be ncccssaiy to lead all the four microscopes at each obseivntion} and each pan of mi- 
Cioscopes would scpaiatcly collect foi cxcentiicity, 01 m other wolds, they would do the same 
seivicc twice over. But the micioscope C cannot be placed exactly in the veitical line by 
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icason of Ihc union of llie nng with the pillai at the veiy place wheie the clamp ought to fix 
it An cquilateial tnangle may howcvci be formed with the micioscope D occasionally for a 
new seiics of measuies, and the last micioscope may be lead m conjunction with B and C, 
and then the index of A alone may be consulted foi the degiec and subdivision, to which the 
micioscopic leadings may be lespectively added, foi the minutes shown by the notched scales 
of the iniciomcteis, and foi tlie seconds indicated on the du'idcd heads of the diffeient sciows. 
We have not’yet noticed that each pillai contains a stiong spiial spiing within it, that, by 
pi casing upwauls, suppoits a large piopoition of the veitical ciiclc’s weight, which we shall have 
occasion to notice picsently) and on this account the 3fs caiiicd by the gibbet-picccs, in 
which the pivots of the veitical cucle lest, aie covciod by a pan of small cioss bais, picssed 
down into contact with the uppci paits of the pivots, to pi event the upwaid piessuic of the 
spual spiiiigs fiom lifting the ciicle’s axis, lliese bars also scive the piupose of cieating some 
faction on a thud point of the pivot, tlieieby pi eventing the cylindei becoming loiigei in one 
diameter of its section than in the othei. These small bais which aie omitted m the plate, 
have each a longitudinal opening to admit of the Fs of the iiding level of tlie axis being ap¬ 
plied to the pivots The plumb-line and the spuil-Icvel aie also appendages conncctod with 
this second poition ol the instuimGiil, they will sopaiatcly adjust and also watch the position 
of the veitical axis, so tliat when they agiee, tlieic can be no doubt as to the vciificalion, and 
when one of them leccives nijniy, oi siiffeis (Iciaiigeracnt, the othci will be coinpetonl to 
supeunteiid the position of the axis, duiuig the leraaindoi of an unfinished seiics of obsei- 
lalions. The plumb-line is suspended from an adjustable suspension appaiatus made fast to 
the uppci end of the long tube of small boie, seen to the light of the pillais, to one of 
wlncli it IS made fast at two places, distant fiom each other two feet and foui niches 5 
the tube itself being font feet six niclies long, consequently the lino, that descends into 
the attached and subjacent water vessel, is about five feet in length, The weight of the pci- 
foiatcd small vessel, containing the shot, is as much as the silvei wiie will bcai out of watoi 
without bicakiiig, and llioiofoie the wnO is stietcliod as much as is consistent willi its safety 
the iippei end of the wiie lies m the aiigulai point of an adjustable beaiiiig piece of metal, 
that is moved by two pans of contiaiy sciows, acting at light angles to each other. A pan of 
micioscopes of the ghost-kind, ciossiiig the lowci end of the long tube at light angles, look 
at the line, and also at the imago of an exccntiic luminous disc of thin inothei-of-peail, 111 each 
of two directions, one showing the state ol the adjustment with lespoct to east and west, and 
the othci with lespect to 1101th and south, agieeably to the account wo have given of the 
plumb-line, and of its application, in a foiinei section (§ XLIX). The hanging level is sus¬ 
pended by two similai oylmdiical pins of steel fixed in a pair of cocks, sciewed to the plane 
of the long horizontal bar, above dcsciibed, and may be seen lying lioiizontally under the pio- 
jecting end of the veitical ciicle’s axis. This level has an ivory scale, with a zeio at o.'ich end 
of the bubble, when the tcmpeiatiite is 60“ of jPahienlieit’s theunomctci, theie aie thirteen 
divisions in the inch, which weie intended to indicate single seconds, but on tiial in actual 
mcaaiiiement, by the circle, of a small distant object, we found that the value of each division 
is 1 ,S, Our descuption of the level and oi its modes of application, which the reader may 
lefer to, (§ L.) will lender a fuither account of it heie unnecessaiy Besides the two levels, 
which have been here mentioned, a tliird is seen in the figuie, suspended from pins borne by 
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two cocks, affixed to the telescope’s tube, foi the puipose of levelling it, but as no use is made 
of such level, in an instuuncnt that leveises in position, it may bo consideicd supeifluous. 

5, The thud poition of this instimnent consists of the vcitical ciiclo and Us telescope, 
which togethci aie suppoitcd by the two pillais and then included spiial spiings. This circle 
has two limbs, one giaduated, and the olhci without divisions, cnolosing the telescope between 
them in close contact ncai both ends, thcicby pievcnting any tendency to flexuie of its tube. 
These two circulai limbs are of the same dimensions as the limb of the hoii/onlal ciiclc, and 
have in like mannei each a doaen light conical ladn uniting them fiiinly with the middle poi¬ 
tion of the hoiizontal axis, which is cylindiical. The distance between the limbs is 3 75 
inches, and the union is effected by a species of lozongc-woik of light bars of bmss, that cioss 
one anothci bcfoie they aic made fast at both edges to the limbs, which they thus unite. The 
tube of the telescope is just thick enough to ciUet two lozenges thus made, one at each side of 
the double ciicle, and is kept hinily m Us position in all ducctions at both ends The gin- 
duation of the veitical ciiclc issiinihu to that of the hoii/onlal one ni all icspccts, and all the 
inicioscopcs aic picciscly alike The ends of the axis arc composed of stiong invcitcd corn's 
of biass, fiimly attached to the cential cyliudci, and Icimuiatnig with hell metal pivots j the 
length of tlio axis is eighteen inclies, exclusive of the pivots, which icst in Fs not icquiring an 
adjustment foi colliinalion in azimuth, and but only foi levelling' each pair ofiadinl cones, lhat 
lie paiallcl to one anotlioi, aic united by cross pieces at one thud of llicir length fioui the 
circumfeieiicc, winch complete then union, 'file clamping appaiatus is fixed to liio lulcuoi. 
Side of the icraoto pillar, in such a situation, that it iakoa hold of the hmb having no gia 
duations, and though the constiuction of the clamp is of the oulinaiy Icmtl, its tangent screw 
icgulatcs the altitude of the leloscopo with aufficiont piccision, the clamping scicw is luincd 
by an indented wheel instead of a milled head, winch is easily tinned m ciLlici diiocUon by 
the application of a single hngci to Us pcnphciy. The object glass of tlio telescope is Ihice 
inches and a quaitei m diametci, and has a soliu focal length of .4 inches: it has been ca- 
tcemcdonoofTnlley’sbesI object-glasses, and was thcicfoic exchanged foi the oiiginal glass ol 
smaller dimensions, At the eye-end theio is a iniciomoCcr with Ihiec fixed spidci’s lines and 
one moveable, for measuring small angles, oi diffoionccs of the altitudes of any two bodies, seen 
at the same time in the field of view, besides which there is a lino having a ciicular motion 
by means of a tliumb-sci ew, by which angles of position maybe racasiucd on Iho inciKlian 
Without interfering with the position of the miciomcter oi adjustments of the instnimeiit, 
The value of one icvolution of the .sciewis fiom which a table of values fot tlic ox,- 
elusive use of this raiciometei is easily coiistiucted by continual addition. The field of view 
is limited to A4', and the common cyc-piecos magnify fiom 50 to 80 iunos; but with tlie di¬ 
agonal eyc-pieces used foi high altitudes, and liaving thice lenses, the powers aie much 
greatei j with those an obseivation may be made in the zenith with as much ease ns in any 
other degice of altitude. The diaphiagm, containing the five veitical and tiuce houzontgl 
fixed linos, is moveable m two ducctions, at light angles to each other, by means of two pan 
of adjusting scicws, that assist m cxteimuiatmg the eriors of colUmation Jn azimutli and al¬ 
titude respectively. The t\^o extieme hoiizontal lines neaily include the sun’s disc, 

6. Wlien the three portions of this instiuracnthad been Unpacked, and put together op 
the pedestal, it was found to be a good test of its stability of position, to obsoive that, when 
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the telescope was pointed to a fine matk on a distant object, turning the insUumeiit lound m 
azimuth, either backwaids oi foiwaids, oi both, did not make the middle hoiizonlal line dcpait 
fiom the said maik, at its final letuin, but with lespect to azimuth the stability was notfoiind 
so peifect, on lefeicnce to the indication of the horizontal ciicle, theic fipqucntly appeared a 
deviation in azimuth when the telescope was only elevated to the zenith and biought down 
again to the horizon, even while the hoiizontal circle was clamped} and paiticulaily When 
the diiection of the piessuie that produced elevation was partly kteial, which cannot always 
be avoided in taking altitudes. This defect produced a temporary feeling of disappointment, 
and as it was appiehcnded that the fiist oi lowest poition of the instimnent allowed of this 
deviation, fiom a yielding of some of its paits, the fiist and second poitions being united only 
by one slender clamp, having no connexion with the stone on which the instiument stands, it 
was pioposed to fix a second clamp of stiong malciials to the stone itself, which might clamp 
anothei part of thehmb at a conaideiable distance fiom the foimcr, which was afltei wauls 
done in the most satisfactoiy maunei, in the form of a tiiangle, as scon at the left hand side 
of the horizontal circle' tins application has cuicd the dcfiJcl, and icndeietl the instiument 
suflicienlly steady to be used occasionally as a Itansitunstrumcnl, and to give obsoivations of 
light ascension and of venitli disUiicoal the same liipo, when the cucle’s position is in tho 
meiidian, and the cplljniation in both lespecls known, It may ho lemaikcd iuilhcr, that the 
hai winch holds tho additional raicioscopes B and C, being of the same maicual as tho 
giadualcd hinh, and being foiincd also into a circle standing pniallcl to its plane, and coiiccii- 
tric with it, npt only admits of a clmngc of position of these micioscopos, hut will keep their 
places relatively to tho divisions on the limb, foi the changes produced by vaiiable tempciu- 
turc will only incioase oi diminish the ladius of the ciicular bai, and sliglilly vaiy the distance 
of the miciomeleis fiom the centre} winch change will not bcnsihly affect then monsiires, 

7 . A^uMmnU Aftci the incidental obseivalions wo made in oiu last section, respecting 
the adjustments of the Westbipy cirolo, wlfich is used in tho saipo maiinci as tho insliumcnl 
now under our notice, it will not bo nocessaiy to dwell long on the mcasuios to bo successively 
attended to in effecting the leqiusito adjustments. When the telescope has its glasses so ar* 
1 anged, that a star of the fiist magnitude will appeal round, smalf, and well defined, at llic 
same time that the spidci’s lines aic distinctly seen, the adjustments may be made in the fol¬ 
lowing Older. in tlie fiist place, when the feet screws are raised 01 lowcicd, till tho limb of 
the honzontal circle will pass freely through the leloased clamp, attached to the stone, wliiio 
the circle is turned round; the veitical axis will not be far fiom a peipeiulicular direction} 
then if the telescope be turned towards cither the noith 01 sonlii point approxiraaloly, it will 
he in a direction over the foot-sciew ncaiesl the said clamp, by which the deviation of Iho 
axis towaids the north or south will require to be icguLitcd, aiicl the level, suspended on ll |0 
long diametrical bar, will point nortli and south also 5 secondly, while in this situation adjust 
the level till it will reverse m position, end for end, paitly by the foot-scicw facing the south, 
and partly by the scicws of one of the suspension pins, and after repeating the opoiation of 
halving the erroi in the two positions, till the bubble will lemam at tho same pait of tho scale 
m both, the level will be adjusted 5 and also the upright conical axis will be vertical in the di¬ 
rection of north and south} in this position the plumb-line may be conveniently applied' to its 
suspension apparatus, and if the bubble still retains its place, this line may be adjusted by the 
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propel screws, at the lop of the long lube, till it mteisects the disc of the mciomelei, standing 
at light angles to the telescope, lu which situation it will be paitially adjusted, piovicled the ex- 
centric disc be tiuly placed, thudly, the telescope must now'be luined thiough a quadiantal 
aic, into the situation pointing east and west, when it will stand paiallcl to a lino joining the 
second and Ibiicl feet scicws, winch will also bo the position of the level, and if, in this si¬ 
tuation, the level lias the bubble as bcfoio in the nudclle of its cylinder, the axis will be vei- 
ticalin the duectiou of cast and west also, and consequently in eveiy other azimuthal duec- 
tion* m this case the plumb-line may bcic-adjusled, one half by the bcicws at the suspension, 
and the othei half by tinning loinul the luminous disc of the gbostnnicromctei but it will 
laiely happen that the adjusimoui foi noith and south, will be good foi cast and west also, 
and any alteiation of the second oi thud foot-sciew will doiange the previous adjuslmcnl by 
the fiist 01 iSouthem foot scicw In the management of an adjustment to a Uuly veihcal po¬ 
sition depending on the foet-sciews ol a peifcct tupod^ the loadiosi and siuest way of suc¬ 
ceeding IS, when the axis is neatly veiUcal, but not quite so, to bung the level paiailed to two 
of the foot, namely the second and thud, which m oui case is in the lino of east and west, 
then, if the axis is made tuily veitical by one of these screws and by the screws of the level 
in the usual way of halving, and icvcising the tolcscopo^s position at each moclialioii, till the 
udjublment is complete ui both positions, moving the fiist foot-sciow atom will not derange the 
haul adjustment, as being m a point at light angles io Ihc lino joining the othor two sciows, 
and the level being picviously adjusted, will now show wbon ibo axis isvcitical also in tins 
icctangulai duccLioiu This mode will auswci equally well wilboiit any lefcicnec to llio tupod's 
position, as it icgaulb the caulmal points When the voilicalaxis is Ibus perfectly adjusted by 
the level, the bubble will icnnuu stationaiy while the houzontal ciicle giadually lovolvcs, and 
the plumb-lmo may thou be finally adjusted with but little liouble, by allondiug both to the 
luminous disc and point of suspension alternately, till the fonnci coutuiucs bisoetctl dnung <i 
blow lovoliiUon of ibo houzontal ciiclo, As ihc whole acciuacy of a caicful observation made 
with thib instiument, as well as with Us predecessor, depciuls on llio accurate position of the 
vcilical axis, we could not bo too paiticulur in oiii directions lespoctmg its adjuslmcnl. 
Pourthly, when the axis is known to bo pcifcctly vcitical, which may bo so picseivccl by an 
occasional application of the souibcin oi fiist fooUcicw in tlio puncipal cUrccLiou of noith 
and south, accoulmgly as llio level oi plumb-bne may indicate, the collimatum both ju ah 
tiiude and azimuth may be adjusted Bucccssivcly, citlicr by the help of a distaul luaik oi by 
the pole slai, acooiding to the method of halving the cnors which we descubed in oiu sec¬ 
tion LVL, when U eating of the Uansit-inbtuxmcnt 5 except that hoio the tangent sciow of the 
a/amuth cucle must bo substituted for the hoiizonlal sciow that tbcio moves the y * the me¬ 
thods of loVoiluig the houzonlal axis, and also of placing the instiument m the meiulmn, me 
the same as thcie described When these adjustments have been carofulEy mnde,, and the 
values of the cquatoual spaces, contained between the veiUcal linos of the field of view, as- 
cci tamed, the instrument may be considoied as picparod foi use, provided the micioscopos 
have been pievxously adjusted m all lespects, and put io their piopei zeroes* 

8* The maniiei of using this in&luimcnt is the same as that which we descubed m our 
last section, except that hero we have two aibiters of the vcitical positipn of the upiight axis, 
which opemte as checks on cacfi other} and also moic iTucroscQp.es* The qiiadranlal aics of 
VOL. IL 3 h 
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this vciiical cucle aie figuied so as to loacl altitudes in one of the icvoiscd positions, and jse- 
nith distances in the othei, thcicby afroulnig the leady means of asceitaming the ciioi of co!- 
limation, by compaiing a mean of the sums with DO"^, and taking half the excess oi defect as 
the collection to be applied, with the m?ie S!g 7 i, to cithci the %omth distance oi altitiido, as 
we befoio explained when dosciibing the Westbuiy ciiclo. The delicacy of the level is 
such, that it indicates the slightest changes of tempeiaimc aflecting one side of the pillais moic 
than the othci, which changes may be inadveitently pioduced by opening the dooi of tlio ob- 
seivatoiy, oi by the obscivoi’s loiiclimg oi cvcni bioathing on one side of the pillais in taking 
a zenith obscivation, in the foimci case the bubble iccedcs fiom, and in the Jaltei advances 
towaids the obscivei} and when such changes aic noticed, it is piopci to wait foi the leliuii 
of the ouginal tempeialiuc, befoie the contact is finally made, and the obscivatuni legisteied, 
The plumb line, howevei, is by no means so sensible, and as the level has a scale of known 
value, it 13 usually icfeiicd to in each obscivatioin The ic-adjnstmcnt ol the vcitical axis, aftoi 
leveision, is likewise made by the level in picfcicncc to the plumbdinc, which lequncs moie 
Umo, in coming to a slate of qtiieseencc, tlian is convenient on many occasions, when the m- 
stiument is icquiicd to follow the moving body m azimutlu As the face of the vciticarcnclc 
has two positions, and the telescope may bo dnacted to eithei noith oi south in each olHhose, 
thcic will be foui vaiietics in the leadings of the micioscopcs, two of altitudes and two of '/o- 
nith distances, and it is ol impoi lance to be cm tarn what sign piopeily applies to the iiuli- 
catioii of the level, when the veitioil axis is not Duly pcipeudiculai, in each of these fotii 
vaiieties. The uilc is this, which maybe easily lumcmbeied, vi/ wlienovei ilic bubble ap- 
pioachos tho olucctmd o(i\\Q telescope, tlic con action given by the level must have the sign 
when muth dtslance is lead, and 4- when allilude is indicated by the cucle, and, on the con- 
Uaiy, when the bubble urns towauls the oculm end of the telescope, the signs must be llic 
icveise, u c. the couecUon of zenith distance will bo +, and of altitude - • In ouloi to know 
whether zenith distances 01 altitudes me the aics mcasuicd, it is only nocessaiy to examine 
whether the nuinoials engiavcd on the limb count 1 , 2 , fiom the zenith, oi fiom the hou- 
zon, winch will vaiy accoulingly as the face of the cucle is liuned to tlic cast oi west, and as 
the telescope is pointing towaids the noithcin or southern quadiant, in taking the obseivatioii. 
The method of detoimimng the v'aluo in seconds of a single division on the scale of any level, 
and the foimula by which the existing enoi, as indicated by the bubble, is appicciated, bave 
aheady been explained in 0111 Section L, and need not be icpeatod When the bubble letains 
Its place aflci reveision of the cuclc m azimuth, it is a proof that tlic vciiical axis and tlie 
level aie both well adjusted, but this will not often be the case in changeable states of the 
atinosphcic, and whenevci the level has a new indication in the icvcisod position, its value 
must be applied with the piopci sign to the obscivation, 01 otheiwisc the bubble must be 
biought to its onginal place by the foot bciew, and then the euois of the levcrsed positions 
will counieiact one anothci by what is called a colltmaled obscivation. In all instances, when 
the bubble luns towaids the noUh, the plumb-lme will incline towauls tlie south, and the 
cont) ary. 

Example 1 .—We will take as our fiist example of the method of using tins cnculai 
stmment those successive obscivations of ccitain stars, from which the latitude of South Kil* 
woith Eectory was deteimined, as repoited m the second part of Vol. I. of the Memoirs of 
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9. In sclccling well known sluis (bi cloLormnnug IholntiUidooi'a place, iL w deau’ablo to take 
such .18 luve consulciabIcalULudc j undci winch losiaction it will not nnicli signil’y what tables 
of icfiacuon aic used in the piecoding lodnclions Ikadloy’s tables weie incfcucd for no olhoi 
icuson but because the Grociiwicb .ippaient pl.icos, as given in the N.iuUcal Alinanae of 1824< 
have been adopted, to save the tiouble of computing the coaoclions, except in the instances 
of ^ Duaconis .ind of a Ccphei, not iheio included, the app.ucnt noitb-pohu distances of 
which wcio computed Iiom Mi. Pond’s C.italoguo of 00 iStais foi 1823, and fiom mu T.ible of 
Corrections of 4<8 puncipal slats, m the pieceding volume. 'J’hc siais contained in Iho list 
weieall obscivcd on the meiiduui, alteiuatelyui the lovcisod positions of the vciUcal ciiele, to 
avoid ieductions to the meiidian, consequently the ciioi of colhraalion is, in every instance, 
that which is due to both cvonings; but as the latitude is deduced fiom each ohsorvation,' and 
as the colhination docs not vary hut with sensible changes of tcinpciatino, no ciioneous con 
elusion IS likely to .iiiso fiom shoit intcivals, accoidnig to the method of observing above ex¬ 
emplified. If sevcuil observations had been taken of each stai, for so many means, the com-' 
puled latitude would h.ivc been inoic collect; but oui object heic is to show the poweis of the 
instalment as exhibited in single observations, and tlic mode <if using it with advantage. 
The stars might easily have been ohseived in both positions on the same evening, but as the 
times given by the clock must Inivc been noted to coriospond, as data foi the icductions to the 
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mendkin, and as some deiangement of the vcilical position of the upught axis might be ap- 
pichended, it is moie convenient, m favoiuable weaihei, to icvcisc and ic-adjiist on the altoi^ 
iiate evenings The loading inicioscopes weic le-adjusted on the lOtli oi August, to equaliiso the 
leadings of all the tluee, but if then lolative discoidances had continued unalteicd, theaccu^ 
lacy of any pair of obsoivations, taken in the leveised positions, would not have boon affected 
theicby while no change was pioduccd m the collmiation The level was also ze-adjlisted about 
the beginning of Scptembei, when the theimometci stood at 60 *", as itiegaidod the /cio of the 
inicioscopes, which occasioned a diminution of the euoi of colhmatiou without aHccting the 
coirectncss of tlie mcasuics 

Example ^ 2 .—When the pole stai, oi ^ Uisae Minous, is observed foi the pinpose of do* 
teiminmg the latitude, the obseivation may bo conveniently lepeated affei the position of the 
instillment has been changed and coueclcd, since the slow appaient motion does not very 
sensibly change the altitude foi scvcial minutes, and the ieductions to the inciulian will enable 
the obscivei to arnve at a good conclusion at one passage, since the appaient decimations of 
these stais aie given, m one or other of the opheinciides, ioi evciy day of each yeai. And wlicn 
the successive passages above and below the pole aic thus obscivcd, the height of the polai 
poini, 01 latitude, may be known without an ephemoiis oi oihci tables, by mcicly taking the 
mean of the two obscivcd altitudes clcaicd of tlie effect of the coiicsponding leliaclious. 
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If we take the obseived zenith distances of the pole stai on the 3 st and Sd of Decombor, viz* 
3 $^ 67 5 *96 and 39 *^ IT when icduced, the mean 37 *^ 84 / 9"»78 will be the co latitude, 
and its complement 52 ° the latitude, without any pievious knowledge of its de¬ 

clination, which icsult is independent of othei obseivatories. 


s 

* Tho latitude arising from this observation, as given in the Memons of the Astronoinioal Society of London, is 
erroneously stated, feokumachei’s appaient declination having been cxtiactedfor December 12 instead of November 12 
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10. With lespect lo tho iise of the azimuth ciicle in aslionomical observationwe have 
stated in om fiist volume (p SOI), that Piazzi deteunined a scale of celestial icfiactions by 
measuung the altitudes and coucsponding azimuths of ceitiun ■well known stais, m vaiious 
situations, both above and below the pole, wheie the diffeiences between the obseivcd and 
computed appaiciit zomtli distances, supposing no ciiois to exist in ihe obseivations oi coinpu- 
tatioii of the appaicnt places of the slais, weie taken as the simple eflbct of rcfiaction. Obsei¬ 
vations ol this kind aie piactic.ible only in tho open aii, oi undci a lotativo dome. When the 
latitude of the station, the appaiciit poltu distance of the slai, and tho aziinntli are coiiectly 
known, the appaicnt zenith distance may be computed by the following foiniula, viz. 

cos A cos ^ 

“ cos X “ (No. ak m § LXX.) 

whcie tang (p=scos « tang X, « and X icspeclivcly denoting the a/amuth of the stai, and co- 
latiliulc of the place, As an example of the application of this foimula, lot it bo lecpmed to 
compute the appaicnt zenith distance of « Scipciilis on tlio evomng of Apul 30, 1828, when 
its azimuth fiom the north point was ISO", and obseivcd zenith distance 55" l.y'2G''.2 5 the 
apparent polai distance f a ) given m tho Nautical Almanac being at tlml time 83" f 4.0", 
the latitude of tho place 52® 25' 51" noith, the barometer being at 29 ,G, and thcimometei SO/ 


Fust lot us find <p thus. 

Cos«... 

ISO® 

0' 

0" 

.- 9.8O7OG75 


Tang X . , 

87 

Odi 

9 

. 9.8860057 


Tang?> . . 

~-2() 

15 

30 

.. .-9.6031332 

bw III 1 ■ ^ 

Then wo have . 

) C/OS A i * t 

83 

1 

40 



Cos Ip . . . 

26 

15 

SO 

, . . . 9.9520997 






Sum . . 9.0368759 


Cos X * # * 

37 

34 

9 

Sub. . , 9.8990039 


Cos («—p) 

82 

0 

20 

. 9.1378120 


Atid 9 . t 

*^S(5 

15 

SO 



^1 r~'‘‘i—*~Y—‘—'— m-— 

Computed zonitli distance.=55 50 50 without lofractioii. 

Obseivcd zenith distance. 55 49 20.2 with lofi action, 

Rcfiaction at a mean temp. ... . 1 28.8 

As it IS impoitant, in compulations of this nature, that the signs of the sines, cosines, lau- 
geuts, &c. should bo piopoily applied in the different quadiants, it may not be urelcvant to ic- 
maik hcic,that whencvci a sine, cosine, &c. passes tinough 0, or inlimly, the sign changes, 
hence maybe deiived an useful rule for the mutations, which will bo conveniently icfeired to, 
when tabulated in the following mannei. 


Cos (z—m 
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TABLE 01 SICrNS OE TIIL SINES, COSINLS, TANGENTS, 



11 . Aiiotliei ubc that may be made of the azimuth ciide, is the dctcinunalion of the tiiu* 
meJidmn of a place, oithci by ciicum-mciidian obscivatioiis of equal altitudes, with then coj 
icRponding azimuths, oi by measuiing the hoii/ontal angle of a ciicum-polai sUi, at the mo¬ 
ment of its gicatcst elongation, when its appaiciH pohu distance is known hut as wo shall 
have occasion to considei these opoiations heieattei, we inciely adveit to them hcio, as being 
Within the icachof oin piesent instiumcnt, which may bo also said of zenitii obhCivaUons 
Indeed Iheie is sealcely any species ol obseivation, not icquiung an equatorial motion, U> 
which this instalment is not competent, whotliei it icgaids decimation,'aglit ascension, oi 
tune, in oi out of the mendian. 


§ LXIX THE COLLTMATOH [Pi.ati XXI ] 

1 . Ir IS a well-known diopUic fact, that if a Immnous body be situated exactly in the sohu 
focal point of eiflici a single oi double convex lens, the lays of light issuing (iom it, and pass¬ 
ing thiough the lens, will, at then exit, become paiallct j and any telescope viewing the said 
luminous point m a backwaicl ducction, at light angles to the suiface of the lens, will have 
good vision of It at any distance, with the same ocuhu adjustment, ns is siutablc foi a heavenly 
body. Opticians and piactictd asUonomeis liavc availed themselves of this piopoity of a lens, 
which IS still bettei fm being acluomatic, of iciideiing a noai inaik visible, when a distant one 
cannot be obtained, oi when, being obtained, it cannot be seen by night. many yeais past 
Ml. Tiougliton has been accustomed to supply a lens of veiy long local distance, to be put oc¬ 
casionally ovei the object-glass of his flO-incIi tiansil insUumoiU, which will londor any mciuhaii 
niaik distinctly visible, that is placed m the focal point of this lens, and when it is nicely contoiod 
in its cell, which may be known to be light by tiumng it loiiiid while viewing the maik, i( is 
found veiy convenient foi this puipoho, by leason of Us lequmng no adjiistmcut foi focal dis¬ 
tance, 01 diiection of the optical axis, when once piopcily fitted. 

2 . Rittenhousc has given an account, in the second volume of the Tiansaciions of the 
Ameucaii Plnlosoplncal Society, of his employing the object-glass o( a telescope 36 feet long, 
foi thopuiposcofrcndoiuigamelalhcplatc, containing seveial conccntiic circles, visible as a 
inendmn maik, and Piofessoi Gauss has lecciiily pioposcd a shoit telescope to be used for a 
moudun maik, by illuminating the cioss wiies m the common focus of the object and ocular 
tenses, and flxing U so, that the telescope of anothci instuinieiit diicctcd towaids it may viow 
the illuminated hues tluough its object glass, the intciscction of which lines bccoinos the le- 
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quiied maik, when adjusted to the mcuduui. This method of fixing a small telescope, instead 
of a simple lens, affoids the leady means ot giving a piopoi duection to the optical axis, as it 
legauls the instiiiment that is deslmcd to view the cioss lines as a fixed maik Soon aftei this 
pioposal was notified, Piofessoi Bessel applied the same contiivance to a new pin pose, which is 
dcscubcd m the Gist No of Schuinachei’a Ai>tronomi^^clie J^achicltlen, he thcic shows how the 
flexiue of a long telescope’s tube may be ascoitained, when attached to the houzonlal axis of a 
giadiiatcd ciiclc, having a level, piovidodithc fiist adjusted loi collunation ui alutiidc, foi 
when the hoiixonial position of the telescope isieveised, by tinning the cuclo half loimd in a 
veiUcal diiection, the excess above 180^ as mcasiued hy the cuclo, when the telescope views 
telescopic hoii55onlal matks to the noi ill and south alternately, will be double the liou/ontal 
flexLiic lie also pioposcs to find the /einth point on a divided veiUcal cncle, without tmmng 
it in anmuth, by the help of a small veiUcal Iclcscope, having a level attached vciy nemly at 
light angles to its optical axis, and being suspended over tlie cucle’s ixciuih in hugU way, that 
itmay tinn half 1 omul in a/imuth With the attached level, to watch its voilical position, foi 
when the cioss lines ol tins small telescope have been viewed m the (ust position, and the point 
of mtci section has been coveied by the houzonUil wiie, and load on the cuclo, it maybe Uuiicd 
half lound, and the intei section again obscivcci and lofeucd to the cu’clc , then the moan of 
the two leadings will give tlio /emtli point on the divided limb of the cuclci It does not, how- 
ovci, appeal coitain that this plan was earned into cxecuUoiu 

3, Captain Katei, whoso ingenuity iii the application of mechanical contuvnnccs to prac¬ 
tical opeiatious is gcneuilly known, substituted meicuiy foi the level, and, impiovmg ou the 
suggestion of Bessel, constiucled an instiumenl foi the oxpicsb piuposo of dctonnming and 
veutying at pleasinc the place ol the lionzonUil oi of the yemlh point on a vciUcal cuclo, with¬ 
out the assisUuice of phimbdme, level, 01 lefioehiig snifaco, and that at any time almost in¬ 
stantaneously, The details of vauous expouments, lending to piovc the piaclicabiUly and 
edicicncy of Iho plan, aic given by the authoi in the flist pait of the volumy of the Bhiloso- 
phicnl Tiansactionb of the Iloyal Society of London, foi the year i8<25 (p 147 and seq,), which 
will be load with intciebl by eveiy piaclical astionomoi- The authoi avails Inmsclf of the 
telescopic maik constituted by two eiosscd slendci springs, in the focal ))oint o( a small achro¬ 
matic object-glass, earned by a cast-iion plate floating on mciciuy, and, fuuluig that the angle 
ofincunalion of the opUcal axib, as corapaiod with the suifacp ot the raciciuy, is (on&iml, oi* 
sufliciently so for his puipoao, ho substiliilos the floating small tclcbcopc, oi lalhci the lenses 
and CIOSS of flat springs, without a tube, foi a fixed maik, and lelics on the poiiiiiinoncy of tlie 
niclmation of the optical axis, foi such time as he has occasion to lofor to it, which is soklnm 
more than a few iniiinlcs IIis (list ob)ecl was to find the crioi of collinialiou in altitude by 
means of a small telescope floating houzontally, oi iicaily so, and when ho had succeeded in 
doing this, which gave him some tioublo, he piocecdcd to dctcimiiie Ihe baino cu'or by such an 
alteration m the mechanism as allows the small telescope to float ucaily in a vertical position. 
These two consti uclions of the hou/ontal and veitical. collimatois wcic executed, undci 
the contiivei’b diiecliotis, by llohinson of Devonshue Street, Mary-lc-bone, who has supplied 
US with a specimen of each kind, which wc shall now dcscubc. 

4i. Bonzonlal Collmalor A mahogany box 15 inches long, 6^- bioad, and 5 deep, is le- 
presented in figmc 1 of Plate XXI, as having only one side and two ends, that the enclosed 
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llodty and parts earned by itj may be exposed to view, foi the sake of casmi dcscupUon 5 A B 
IS the float of cast-iron paitly imtneised lu the meicmy coveung the bottom of the box, C and 
I) aie two lion beaiiug pieces sciewed to the bottom of the box by shoil non scicws, each 
piece lias two veitical plates tuuicd up, tho iiinei one of winch has a longitudinal slit in it, into 
winch slits the non pivots, sciewccl into tlic sides of the float, aie dcmitted, the use of these 
paits IS, to keep the sides of the float paiallel to the sides of the box, and at an inch 01 moie 
fiom contact with any pait of the box, that tho ineiciuy may assume a flat siuface at B and F 
two holding pieces of metal, cast along with the float, stand up and aio peiloiatcd, to leccive 
each a socket, that at 75 holds the cioss bcfoic the eye-picce, and tho opposite one at J?ie- 
ceives the object-glass, which is adjustable by a sciewfoi its focal distance, while the lens held 
by tho end of the box at G constitutes the eyc-picco It will theiefoio depend upon the 1 da¬ 
tive iioights of tliese two sockets fiom the float, what the inclination of Iho optical axis, or of 
the line joining the cent!c of the object-glass and intcisection of the cioss, shall be, as com- 
])aied with the siufacc of the fluid this inclination has no mechanical adjustment, but may be 
modified by the addition of peifoiatcd caculai pieces of non, suuounding the veitical pin at/, 
as weights, to depiess oi balance the icmotc end A of the float, which, howevei, should bo 
spai mgly used, lost the float should sink sensibly docpoi into the moicuiyai one end than at 
the othci The meicuiy inust be as piiic as can bo obtained, and paiticlcs of dust must bo 
constantly excluded by a lid, that cmbiaccs the top of the box* At the end 11 is a circuhu 
hole, also occasionally closed, tillough winch the huge telescope ol the circuhu instiumoiit is 
diiccled, when viewing the cioss at a shoit distance, and a lamp 01 hinteyi is placed behind 
the cyo-lcns f 7 , to illuminate the cioss Scvcial piecautions aie necessaiy in fixing and using 
this collimator, which wc will dcscubc in the authoi\s own woids, as best conveying Ins own 
ideas. Tha mstrumont being placed on the north oi south side of the obscivatoiy, with its 
telescope pointed to the centie of the cnclo, and ncaily in its plane, it is to bo dnecied so^ that 
the wnes of the telescope of the cucle may bo seen tluough it, when locipiocally the cross 
'Wires of the colhnmtoi will bo visible tliiough the telescope of the ciicic, and the collimator is 
to be so placed, that the cioss wues may appeal m the conlic of tho field of view. The place 
of the box should then be caicfully maikcd, to cnsuio its being at once lestoicd, as noaily as 
possible, to the same sitiialion The collimator is then to bo lemovcd to the opposite side of 
the obscivatory, and the same piocess lepcated, the situation of the box being here also caie- 
fully maiked. In obseiving, the stai having been taken, and the leadings of tho micioscopes 
legistercd, the telescope is to be depressed to the collimatoi, and the angle founed by the cross 
wiles caiefidly bisected, The collimator is then to be taken to the opposite side of the obser* 
valoiy, dnd the cioss wires again bisected 5 the mean of the readings at the bisections will give 
the inclination of the collunatoi to the hoiizon, and the diffeience between this and tho appa- 
lent inclination, at eithei position of the collunatoi, will be the collection to bo applied to the 
mean of the leadings legisteicd at the bisection of the stai Foi example, lot tho mean of the 
leadings of the bisection of the cross wncs, when the collunatoi is to the south of the instiu- 
ment, bo 7' SO" of altitude, and when it is to the noith 8 ' 40", the mean of these leadings, 8^5'', 
IS the true inclination of the collunatoi to the hori/on, and tho difleionce between this and 
7' 30" (o' 35") must be added to all altitudes taken to tho south, or siibliacted fiom those to the 
north of the zenitlu^^ 
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5 , This tianspoilation of the vcs<5cl, containing the meremy, fioin one side of the loom to 
the othei at cvoiy obscivation, is vciy tionblesomc, and attended with nskj we have theie- 
foie adopted a plan, ui all lespects picfciablo, of using the boiizontal colhmaloi m one place 
only, wheie it lemaina pelmancntly fixed., As the only use of cauying the vessel and float 
aaoss the loom, to have icvcised positions of the ocuUu end of the telescope, as Ihe hoii- 
xontal ‘^pidci^s line has icfeiencc to a section of the optical axis, that the oiioi of collimaiion 
maybe -h in one position, and r- in ihcoihei, the same cftbctis pioduccd by tinning the ciicle 
half lound in a/imnth, and thou the telescope half lound m elovaiion and dopiosston, till U 
looks again into the hole at the end of the colhmatoi, when the position of the cye-picce and 
of the honzonial bpuleiN line will be equally icveisod, as by the olhei method of looking fiibl 
to the noiili and then to the south alternately. Captain Katci^ method supposes no level ot 
plumb-Unc to be lequiicd, in gaining the eiioi of colhmaliou in alttludo, but picsunies on the 
pciinancncy of position of the veilical axis, on which the amount of the ciioi depends 5 but by 
oui method cithei the level 01 pliinibdinc is used to watch this position, winch a small vauation 
of tcmpeiaUiic, paiUally applied on cither side, will sensibly affect, but the changes may be 
collected by the fool scicw; and as observations aio made with most confidence when the vci- 
tical axis IS known to bo truly peipcndiculai, the most satisfactoiy way of using the hon/ontal 
colhmatoi is to use it instead of a distant maik in the usual way, with face east and face west 
alteinatcly, in which case the sum of the icvcrsod loadings, being neaily 90^ will show by baH* 
the excess 01 defect, on a compniison with a qiuidiant, what is the amount of the existing 
euoi; which is not simply the eitoi of collimaiion, but combined with Ihecnoi of the level and 
index enoi of the mieioscopcsj a change in any one of which will afibet the compound on01 
in question m vciy slight vauatioiib of iempciatiuc, When the collimator is thus used, as a 
substitute foi a distant hoiizoutal maik, it becomes pcculuuly useful in making observations by 
night, because, when it IS illuminated) the on 01 in the moasiuo of any obsoivation may be 
known as soon as the obscivation is made, before any change has taken place in the cucumstances 
undei which it was made. Wc have used oiu cucular instiumcnt) by Tioughton, m thib way 
with entue satisfaction, and thoicfore hesitate not to lecommcnd 4 to others, who have inatru^ 
incnts that will icveise in position, This coUnnatoi) wc uiuloistand, has been used with suc¬ 
cess at Dublin, Aimagh, and Bedfoul, and piobably m the way wo have dcsciibed, at (Green¬ 
wich also it has boon tiled, but not considered so coriect in Us indications, as to supoiscdo the 
method now adopted of obscivmg by two cuclcs at the same lime, one of winch mensiuos by 
direct vision, and ibo othci by lefloction from meicuiy 5 which method will be tlescubcd and 
exemplified ni one of oin subsccjiiont scclious Oiu method of substiUitmg the ciosb lines, in 
the focal point of tlic floating telescope, for a distant mendum maik, will be londily compre*' 
Jiendcd fiom an inspection of the following example. 
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E'^ampll The sun’s meudian altitude had been obseived with our ciicuki instuimcnl 
on the SOth of Decembei, 182G, aflei winch the following deteimination of the ciioi was made 
immediately aftei the obseivationswcie finished 5 viz 

> Befoie leveision, theT A 0° T 12" Aftci leveisionitszen. dist, was 89° 58' 14" 

appaient altitude of >B 0 48 . .. 15 

the cioss was IbiiudJO • * 2 

-- I — - I u —.. ■>—f*T. I I I T* P I| 1 ^ I .^.4 

Mean of till oe leadings 0 1 2 S3 .. . . , . 89 58 10.83 

Add 1 2 33 


Sum 


Complcinent to 90° . . . ..... . . . 

4i7” 83 

Collection of the eiioi of colhmation, &c. —L—- 


89 GO 12.CO 

S3 

-I 23.60 


Altitude of the cioss collected .. =T 2"S3+ 23" 66s: 1 26.00 

Zenith distance ol tlie CIOSS . . 89 ° 58' 10“.33-i 23".00=:89 58 34 00 


Sum 90 0 0.00 

■' W "Til -r* 


6 , Oiii horizontal collimatoi was fixed on a stiong boaul exicnding acioss tlio &oiithoiii 
opening in the wall of oiu obseivatoiy, and wa'i laden with a small weight to dmunnh its incli¬ 
nation, on the SClh of Juno, 1826} m which situation it icmainod unmolested Ull Apid 19, 
1828, duung which peiiod its inclination evidently vaiicd, as well as the cnot orcolliination 
of the vertical cade the lattei may be accounted foi as depending on changes o/rocted in the 
ciiclc, in Its level, and adjustmentb of the micioscopes, by vanable tcmpciatmo; bat the foimoi 
was not so easily lefeifible to natuial causes, since any change of place occasioned by shunlcing 
and swelling of the boaid, would not affect the site of the ibcal representation of tho cioss in 
the laige telescope, seeing that the incident lays coming fiom the cioss, by falling on a7i^ part 
oftheobject-giasg, wouldfoiin an image in the same local point, winch is agioat advantage 
possessed by this telescopic maik, On icmoving and examining the float, howovci, at the lattei 
peuod above mentioned, it was found that an oxide was foinied on the infouoi siuiace of the 
float, in contact with the meiciuy, to which seveial amalgamated paitides adhcied, and whcij this 
was smeaicd with laid and sciapcdclean, and the mcicuiy stiained iliiough chamoisIcathei, the 
mchimtion incieased fioin 50" to 1' 4u33, though the ciioi in the colhmation, &:c icinamcd 
unchanged, as then deteimmed, and coinpaicd with that of the pioceding day, The subjoined 
Table will exhibit the changes that took place in the indinaiion, and in ihe ouor corresponding 

to it, as copied fiom oui legistei on the days theio specified, which wo leave without comment 
foi the inspection of oui leaders, 
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OCCASIONAL NOTICES OF AN IIOllIZONTAL COLLIMATOR 


8 u 0111 

Tlier 

App alt of X 

App /eu ilist of X 


June 
Dpc 


mil 


line 


27 

20 

11 

20 

21 

22 

22 


27 

IB27 

Jim 4 
21V 
26 
27 

IM) 12 

LU 

21 

Mai ell 1 

4 
24 

lJii il 0 
0 
15 
20 ; 

line 20 
21 
21 
2 > 
2;v 
21 

lily 10 

iig 12 
upl 20 
20 
Kov 17 
17 
17 
17 
17 
17 

T)cc 0 
0 
0 

10 

20 

21 

27' 

30 

1020 

Feb 15 
iUurch 1 

r> 
10 

^pril 12 
13 
13 
10 


2f> 00 
20 (j6 
21 ) 00 
20 25 
20 20 


00 05 

20 20 
2<) 05 
2 <) 20 
20 75 
20 60 
20 40 

20 iiO 
20 05 
2H 30 

20 no 

20 46 

20 no 
20 66 
20 35 


lily 

upl 
Kov 


20 65 
20 06 
2<) f>r> 
20 20 
20 no 


20 16 


T)cc 


20 iO 
2<1 06 
20 76 


20 12 
20 01 


101 20 00 
18 

11) 90 2.» 
20 20 37 


i\W* 

83 

12 

40 

40 
32 
32 

32 

41 

20 

33 
31 
33 
37 
31 
40 
40 
45 

62 6 
no 
66 
67 

m 


01 

no 

03 

on 

71 


20 46 


20,10 47 


50 

63 


1' 60" 00 
1 60 33 
1 3 00 

1 2 33 

L J 20 
0 10 00 
I (i 00 

1 10 (K» 

1 21 (10 

t 16 00 
i U) 33 
0 68 {)0 
0 68 00 
0 52 (10 
0 3(1 (jO 
0 33 33 

0 60 no 

0 38 ()0 
[> 3 t 33 
0 3‘> 33 

V 32 33 

:) 22 33 
) 30 00 
} 26 00 
) 2(j 33 

) 35 00 

> 31 33 
) 30 (16 

} 33 on 

) 38 00 

V 10 33 

) 32 no 
) 46 no 

) 22 33 
1 31 6(> 

) 30 no 

L 0 00 
I 6 00 

> 2(> 33 

) 26 no 
) 20 00 
) 26 33 
) 23 00 

) 20 on 

) 30 (i(i 

} 33 33 
) 31 ()6 
') 33 00 

V 42 00 
20 33 

') JO 33 

V 0 60 
1) 10 00 
[) 18 00 
[) 18 00 
0 10 00 


80« 

89 

80 

80 

80 

80 

HO 

80 

80 


80 
89 
80 
89 
80 
80 
89 
80 
89 
89 
89 

I 80 
80 
89 
80 
80 
80 
80 
80 
81) 
80 
89 
80 
80 
80 
80 
80 
80 
89 
89 
80 
80 
80 
80 
80 
89 
80 
89 
80 

80 
80 
80 
80 
80 
80 
80 
80 


60' 

57 
68 
68 
68 
68 
68 
68 
68 

68 

68 

68 

68 

08 

68 

60 

68 

69 

60 

69 

60 

60 

60 

50 

60 

50 

60 

60 

60 

60 

50 

59 
69 
50 

60 
60 
68 
60 
50 
50 
68 
68 
68 
68 
tiO 
68 
68 
68 

60 

68 

68 

68 

58 
58 
68 
68 , 


0 0 30 33 80 


28" 33 

13 00 
11 00 
10 33 

8 Uh 
8 ()(> 
27 33 
42 3) 
81 33 

48 75 

32 00 

22 on 

22 (J() 

33 33 

10 (in 

1 33 
40 33 
8 33 

18 on 

15 33 
If) 33 

20 3.J 

14 no 

21 33 
20 00 
36 00 

30 00 
38 00 

38 no 

31 00 
%> flO 
40 33 
30 00 
20 33 
12 (41 

14 on 

30 00 

61 nn 

7 00 
4 00 

40 33 
42 33 
48 00 

42 on 

42 3J 
44 00 

30 on 

44 40 

41 00 
,12 00 
40 33 

62 00 
36 33 
m 31 
60 33 
62 00 

31 on 


0 0 28 (10 80 6ft 20 00 
0 0 31 00 80 68 21 00 


+10" 33 
+28 33 
1-23 00 

Ml no 

4 26 07 
1411 10 
I 13 33 
- 1 00 
4 3 83 

- 87 
4 8 83 
I 10 33 

I lO no 
4 17 33 
+ 21 33 
H 12 <)0 
4 II 60 
I 0 60 
} 3 60 
h 0 !(> 

+ () 10 I 0 
+ 4 JO 

+ 7 no 

+ 6 33 
1 3 83 
^ 6 OfJ 

— 0 00 
~ 4 33 

G 03 
4 03 
4 2 03 
+ 4.GO 
I-U..M 
i G 00 
H 7 Oil 
4- 7 33 
4 0 GO 
--32 GO 
4 13 !)3 
I-IG |« 

-1-22 33 
4 20 10 
1-24 33 
4 23 03 
-)-2l 00 
h2l 33 
i-23 a J 
4-21 30 

-hlO GO 
t-20 00 
1-27 Ifl 
4-20 00 
I S)2 03 
j.27 tt 1 

4 25 m 
-r21 SO 

00 1 0 

4 30 00 , 1 

4-32 GO 1 


Remit rka 


16" 33 

18 (lO 3^IiCioscopcs'\tV)iiatcd 
20 00 
26 00 
20 27 : 

20 in Floaty niglit 
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THE COLI-rBrATOE. 


S. Vertical CoHiimtot. —•The second constuiction ol the colhinatoi is lepieseiiled bydg. g. 
of PJate XXI, 111 which A B is the side of a mahogany fiamo, moving on foui fnctioii lollcis 
on any honziontal plane, and caiiying the supeunciimbcnt metallic pai b along with it At the 
centie of tins fiamc, which is composed of a solid boaid and two paiallcl subjacent bais, is a 
laige ciiciilar hole, into which a iing oi ciiciilai edge bai of non n, diivcn fast, loiiiid which 
the collimatoi itself will icvolve in a/5umith The huge iim C D fbims Ihc ciiciimfcicnco of a 
cast non vessel that contains the meiciiiy, and 7‘1 P’ls a smallci jiiii loiming the inloiioi boini- 
daiy of the vessel in which the fluid assumes the foim of a bioad iing between the said two 
rims of the containing vessel, cast in one piece with the bottom, on winch the mciciny lies. 
Tins cuciilai vessel has theicfoie a loiind hole within the intciioi um, winch ombiaccs the con¬ 
cealed cii ciilai eclge-bai, made fast to the mahogany fiamc, and fils it so as just to tiun 
smoothly loiind it when necessaiy. Anothei ung of cast non, G 11, lies with its flat side on 
the meicuiy, and floats upon it by viituc of its smalloi specific giavity , this piece is called the 
Jloat, and into its iippei suiface aie sciewed fast the oxtieme ends of two huge cocks of non, 
7 and K, winch hold the small telescope L between them iii aveifical position, so thnt tins te¬ 
lescope may also float, togethoi with the cocks The telescope’s objcci end chops into the ca¬ 
vity at the centio of the lun E F, and may he seen hy an eye dueclod upvvaids fiom below tlie 
flame that slides along a tail-way foimod on tiie sides of two joists, lying above the suporioi 
end of the Icloscopo that views the crossed slender spungs iii the focal point of the small tele¬ 
scope’s object-glass, hence citlici a cucular instuiment oi a simple vouical telescope having a 
miciomctci, may stand undei this coliimatoi when it is in a situation to bo used. The object- 
glass of the floating telescope, which in this consliuction has a tube, is iiiiulo fast to a socket, 
that sciews round the lower end of this telescope’s tube, foi the sake of adjustment to distinct 
vision of the cross, which adjustment is not easily accomplished but by ficquont tiials by candle 
or lamp light, since the stiong light of a cleai sicy makes the cioss invisible, if not pai tiivlly ex¬ 
cluded by a daik shade. Aflcr Ihis adjustment is perfect the vision will be good, when the 
CIOSS is well defined at any pail of the field of view; which is the best cnleuon of good ar- 
langoment. A long rod of steel, 31, is set owed fast into a plato attached to the wooden fiamc, 
and uses veitically high enough to hold anothci lod m its sliding clamp, thateauics an adjust¬ 
able lefloctor, tiuinng on pivots to any inclination ovot the cyo-pioco of the veiUcal telescope, 
for the purpose of illuminating the cross, when a lamp is placed on the opposite end of the 
fiamo, facing the rcflectoi. When this instuiment is placed ovci the uppci end of avcitical 
telescope, the illuminated cioss will appear as a daik body, because the opaque side is turned 
towards the giound, and the honzontal wiie of the observing telescope m.iy bo made to bisect 
at the same Umc both the external and internal angles foimod hy the cioss, hut if not, the 
tube of the floating telescope must be gently tinned m azimuth till this will take place, while 
the S 4 k 1 honzontal wiie lies in the ducction of cast and west, then on turning the meicunal 
vessel,and float together 180“ in azimuth, it will bo seen whothei oi not the cioss is again vi¬ 
sible;, it not, the angle of inclination of the floating telescope’s optical axis is too gieal, and 
will leqmrc adjustment, till the cross will appeal near the middle of the field in both of the re- 
veised positions. Tins adjustment may be made appioximately by uiisciewiiig one of the 
cocks, G or Ki and pushing under it a thin slip of metal, such as will biing the small telescope 
neaier into a veitical position, oi the object-glass itself may bo m fault by its excentiio attach- 
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ment, and may be tinned half lound, not by its scicvv which adjusts foi distinct vision, but by 
tinning the whole tube half lound in azimuth when the veitical position is neaily adjusted, 
one 01 moie of the small metaliicwcighis may bo slided by thou ceniial holes upon one of the 
upught cyhnducal pins on the cocks 0 /f, to balance the float more exactly^ but it is 
^nol neCGSsaiy that the cioss should be found in piccisely the same place m the field of the 
kige telescope bofoie and altei levcisiou ^ for it will be scon piesently, that a little mclinatiou 
of the floating telescope’s optical axis is sciviocable m pointing out the e\act J^emih point on the 
limb, by ciiculating lound it as the float is tinned lound. To picvcnt the float fioni xe- 
maining stationaiy while the vessel of mcicuiy liuns lound, a couple of cylmducal non pins 
aic sciowed into the edges of the float as pivots at opposite sides, winch, cntcung a pan of slits 
made m two fixed pieces sciewcd fast to ihc bottom of the vessel of incicuiy, keep the floai al¬ 
ways in its 1 dative situation, and concentuc with the vessel, so that one poiUon cannot turn 
without the othci, and yet the float is at Uhoily to vibuitc on those pivots whenovor it icceives 
motion fiom the agitated meiciuy. Just above llicsc pivots a second pair of cylmducal upright 
pins ascend horn the float on whidi olhei cuculai weights may be put, to balance the float in a 
contiaiy diicction, and to bung the centre of the crosa into the middle of the field of view, 
The diamctei of the outer urn of the mcicunal vessel, 0, D, is 11,7^ mdics, and that of the in¬ 
ner one only .25, so that the bicadth of tlic ciiciilar aiufuco covcied by the moiculy is 7 
inches, allowing a ungof moicuiy of about an mclun breadth to xemaiu uncoveied at each side 
of the float. A japanned .covei of tin encloses the outer urn, and has a chimney i ming up nearly 
to the leflectoi, in the centie of which a cuculai piece of glass ground paiallcl, lies dii colly over 
tlio uppci end of the floating telescope, which has a focal dibiauco of eight inches, and allows 
the light to pass downwaids ui such quantity only, as is piopei to lender the ciobs visible by 
skylight, at the same time shading the supeiftuous light, and giuudmg the ineicmy fiom par¬ 
ticles o(‘ dust, which might affect the position of the float, by opoiaiing as jnuUal wedges. The 
lotind pin, pi ejecting fiom the extciioi iim, acts as a slop to its motion at the end of (lie scmi- 
ciidc, by sliding along the inchnod slcudoi spinig A^, till it falls into an angular notch iliat limits 
the cxciubion, and a simiUu spnng lies at the opposite side, not seen, both whicli springs uie ad¬ 
justable to then diametucal positions, by scieWvS passing tlnongh elongated liolcs» 

9 . The method of using the veitical coUimatoi with a simple telescope, of oilhei the icfract- 
mg or Newtonian consti action, ftiimshcd with awn c miciometei', is vciy easy, and may be thus 
explained lot the telescope stand erect on its stand, oi be fastened to a fiim wall m an eiecf: 
position, and bo supplied with adjusting scicws foi position in two diiections at right angles to 
each othci, so that the lube may bo made vortical as it logatds both the east and west, idid also 
the noith and south points of the hoiizon; the feet screws of a tripod stand answer this pin pose 
very well, when the ccntie of the telescope’s motion is so placed, as to allow tlie tube to take a 
peipendiculai diiection, which construction wo shall have occasion to show horeaftdi: thou the 
Collimatoi must stand on a pciloratcd shelf^ or slide between two joists placed'ftdiizonUlly, till 
It will take a position exactly over the centre of the object-glass, as nearly as tlid feye can judge j 
and when the light is icflccted down the colhmatoi, the place of the cross bexfig adjusted as we 
have alieady desenbed, it is moio than probable, mdeed it is almost <iortairi,that the optical axis 
of the small floating telescope will have an inclination with icapcct to a truc'peipendicnlar line, 
this wiU be discoveicd by turning the meicunalvessel loimd an exact semicucle xn azimuth, by 
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means of its stops, when it has been found that the contic of the cioss has been displaced by 
tiumng, the middle point between the two positions will be the tiue zenith. This appealance 
will bebetlei etphuned by icfcience to fig S of the same plate, ni which a and a stand at op¬ 
posite sides of the small cade desciibed by the ccntie of the cioss as the mcicuml vessel ic- 
volves, the optical axis of the floating telescope having an inclination lepiescnted by i in the 
fust iiosition, and by a' b 'm the second 5 and the point at the ccntie of tins small cuclo being the 
tine zenith point, while tlie subjacent telescope ictains its position, whcthci o\actly vcitical oi 
not, the miciometoi will detcimine the place of this point on its scale and divided head, by 
leading tlie quantities coiiesponding to the two bisections ol the point of intcisoction, of the 
mnei edges of the lines foiming the cioss, at the icvoiscd positions lespcctivcly , foi then dil- 
fcieiice will be the diainolci of the small ciiclc, andd we denote the hist quantity by a and the 

second by a, we shall have foi the leading duo to the zenitli point 01 ccntie of the 


cii cb 


and ™ 


— a 

2 


foi the inclination of tlic optical avis of the floating telescope, dcscubing 


this ciicIc 01 oUk'iwisc, if the iniciometci’s head bo put to /cio in the flist position, by laying 
the moveable Iincovei the fixed one, and il’ this double line bo bioiight by the piopci' foot 
scicw to bisect the ceiitio of the cioss, the moveable lino of the nuciomotci will at oucc give in 
the second position the diainctci ol the small cuclc in seconds, one half of which will bo tlio 
inclination and when the sciew of the muioinotci is tinned back to icad this half, llio move¬ 
able wiiG will tlieii bisect the luio zonilli point l''oi iiisLanco, on the 20d of A pi ilwc placed a 
zenith telescope with thice equidistant fool scicws on a solid stand, insulated fiom the floor of 
oui obscivatoiy, iiiidei one of the openings above the voiLical coHimatoi, which wo had pie- 
viovisly adjusted, and having bisected the cioss witli tlic moveable line at ycio by moans of a 
foot sciew’, the leading in the lovciscd position was one icvolution and eight huiulicillhs ol the 
micrometer's head , and as the value of one levolution with the telescope in question, viz No. Si. 

XIX, 6.) IS 40",!?, the mcasuie of the diamclci was found 49" S, and consequently the in¬ 
clination 01 distance fioin llio /cnitli point 21",9 > then if a /cnitli stai weic to bo obscived 
passing the telescope 111 (ho position now given it, the imciomctoi would give the appaiont 
zenith distance of it concclljr, when the cuoi i 2T.9, as the case might be, has been applied 
to the stai's place, as lead by the nuciomotci This quantity has been impiopcily called the 
ciioi 01 couoctiou of the colltmalion of the obseiving telescope, foi H is evidently the luclina 
fion of the floating telescope’s optical avis, and what is piopeily called the oolhination in 
altitude of the laige telescope is ultogethei out of the question, wlien thus used witli a zenith 
imciometoi. 

10. When the veilical collimafoi is applied ovei the telescope of a vcitical ciicle having 
leading micioscopcs, it will deteimine not only the inclination of the floating Optical axis, as has 
been explained, but will show the compound cnoi coinpiohending all the ciiois of colhmnUon 
in altitude, of the level, of a deviation in the caclo’s voilical avis, and of the index 01 zcio of 
the microscopes, Wc have made scveial cvpcuinenls with oiu veilical colliniatoi acting in con¬ 
junction with oiu altitude and azimuth ciiclo by Tioughlon, desciibud in the last soctioii, and 
aic now satisfied that what is usually donominated the cnor of coll-imation in altitude may be 
loadily delermmecl as coucctly by it, without tinning the cncle half lound in azimuth, as by 
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the houzontal collimalor when the faces of the cucle aie icveisod, oi the collimator lemovedto 
the opposite hoiizon 3?ig. 3 will assist in lomlcung the exphinaliou mtelhgible to any ama¬ 
teur astionoraci. If, as befoic, wo consulei the binall ciiclc a d to be that winch is clesciibcd 
by the floating optical axis, passing thiough the ccnlic of the cioss, the dotted linecc' passing 
tlnough tlio voitical obseiving telescope to be the line of colhmation, and 0, 50, «, to bo a 
poition of the giaduated voitical cucle, the point 1)0'’ of the aic not being coincident with the 
zenith point, indicated by the ccntie of the cucle, it is evident that the tiue honzontal point 
lies below 0, the /cio of llic ciiclc, and that the point 90“ falls in the next qimdiant, as well as 
the line of colhmation, which wc suppose adjusted to 0O°. II then, a slai d be obsoivcd by 
the telescope, and its altitude 50", oi zenith distance 'iO", be lend on the cucle so ciicum- 
stanced, the ioimoi will bo indicated too imuh and the Inttci too little by the small aic or 
eiioi, that is intoicopted between the cential point of the small cucle (the tiuo reuith) and the 
ostensible zenith (<)0“) shown by the cucle, this ciioi, fioin whatcvoi inacciuacy in the adjust¬ 
ments It may aiiso, will, wo afllim, be deteinuncd by the collimator, foi, supposing idtitudos to 
bo lead, half the sum of the leadings a luul d will give the zenith point on the cuclc, and the 
ihfteicncc between this mean and 90° will be the erior requued, and being applied as a coirec- 
tion, must have the sign + when the mean o/‘ the two readings is less than 90®, and the cow- 
tuny but if zenith distances bo icad, the signs must bo the icverso undoi the same ciiciun" 
staijces, The simplest mode, howovci, of using the circle is, to lead the zomtli distance of the 
slai fit St, and then dclcinnno the zenith point on the cucle by the collimaloi, foi in all cases 
the dilfcience of the two will be the appiucnt zenith distance ol' the star, without icfcicnco to 
the adjustments. Ou examuung tlic racasiue of the small ciiele’s diamctci, a h on the 
S'Uh o( Apiil by the cucle we found it d'G", on the !25tli it was 34", and on the S6th only *28", 
the veilical axis of the cucle being always kepi adjusted by the level, that the cxpciiments 
might be compaialivc j fiom which wc conclude, Unit the angle of inclination in the lloating te¬ 
lescope’s axis, in this collimator, cxpciicucos vaiiations depending piobably on Ibe state of the 
atmospheie j foi, dining the above stated intcival of two days, the baiomctor giadunlly ascend¬ 
ed ncaily foiu degiccs and llic thcimomctoi two This conclusion was confiiincd by expeu- 
ments made on the same days, with the simple telescope of a siiniliu focal length with that of 
the cuclc, when adjusted to its voitical position unilci the same collimatoi) foi though tlicio 
was always a diffeiencc of about 4" between the rncasiiics a + «' of this telescope gained by its 
nnciomotci, and a + d given by the circle, iioin some cause not ascertained, yet the daily dif- 
feienccs in the giadinl ihminiitaon of the floating cucle’s inclination wcio alike in the two in- 
stiumonls. The eiior of colhmation in the cucle, detcnnincd undei these variations of llio jn- 
clination, continued notwithstanding the same duiing the two days, as neaily as could be 
ascei tamed by both collimatoi s. 

11 , The application of the vortical collimatoi to a cuclc without refeience to a level, a 
plumb line, oi icflecting suiface when a star is observed, and of the hoiizoiital coUimaloi sub¬ 
stituted foi a distant mark, may be illustrated by the following example 

Example 1. On the night of the 28th of Apiil, 1828, when the barometer indicated 
S 9.75 and the thermometer 59", the altitude of Polaus was observed at South KUworth by the 
circle described m the last section in due adjustment, at 44i minutes befoio the star passed 
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the mcndian at the lowei culmination, and was found 50® 51' 53"} immediately after winch ob¬ 
servation the veitical collimatoi gave the zenith point on the ciicle 89° 59' 40".6G befoio re- 
vcisioii, and 90° 0' 8" aftei, fiom the moan of the thiee inicioscopes, and when the hoiizontal 
collimatoi was aftoiwauls obscivcd in the icveiscd iiositioiis of the ciicle, the mean leadings 
woie 89° 58' 47" and 0° 0'58" let it be leq^micd to determine the latitude fiom each of the 
two collimators scpaiately? 


OPERATION BY TUP VLItPICAL COLIIMATOR. 


Collimatoi’s fiisl position . 

89 

59 

40 .GG 

dlttiO • » 14 * 

90 

0 

3.00 

Zenith on the cii clc .... 

89 

59 

51 .83 

Obseived altitude of 

50 

51 

53 00 

Obscivcd miith distance . . 

89 

1 

1 

58 .83 

Fiencli icfiaction (Vol, I), , 



+ 46 22 

Ti uc zenith distance . ... 

39 

8 

45 05 

Vol. I. Tab. IV. p. 271 ... 

■ ' ' ' 


- 4.23 

Cos IT (=4r) = 9.99194G6'I 




Polai dist. 96'.5 = 1.9845273 r 

■■ 



94'.727 .... 1 .9764739 + 

1 

34 

43 .62 

Poldi distance subtiact.... 

1 

34 

38 .39 

Co-latitiide . . . , , . . 

37 

31 

6 6C 

Latitude . .. 

52 

25 

53.33 


BY THE tIORIZONTAE COLEIMATOR. 


Clide’s 1st position . . 

. 89 

58 

47 

2d ditto .. . 

* 0 

0 

58 

SLUTI 444 4t« 4 

. 89 

59 

45 

Complement to 90° , . . 

. 0 

0 

15 

y 

One half of the diffcicncc 

0 

0 + 

7.50 

Obseived altitude. ... 

. 50 

51 

53.00 

Appal ent altitude . . . 

. 50 

52 

0.50 

Redaction subtiact • • » « 



■40 .22 

'I’luc altifude , . , 

. 50 

51 

14.28 

Coiicspoiiding zointh disl. 

. 39 

8 

45 .72 

Computed polai distance ♦ 

1 

31. 

38 .39 

Co-latitude . 

37 

34 

7.33 

Latitude.. . 

. 52 

25 

52.66 


In this example the hoiaiy angle pxccedeil 35"', the extent of the table for the reduction to the 
meridian given at pages 99—'lOt of oiu first volume, and thciefoic the Gieenwich table foi clelei- 
miimig the polai distance at the time, viz Table IV. at pages ^71— 273 , was used instead. The 

inclination of the floating telescope’s vertical axis was 11"1C5, and the collection of 

/ 

the obscivation (90^ — — 8M7> which, applied to the obseivccl altitude, would have 

given the same lesult. 

IS. ixAMPLE T.he pole star was again obseivccl by the same cucle in the levevsed 
position leading zenith distances, on the night of May 1, 1828, when the baiometei and thei- 
moitietei indicated 29*82 and and to save the tiouble of making ieductions, the 
observation was taken on the meudian, the observed zenith distance being 39" 9' 48'^ 38, and 
the readings of the vertical collimatoi 89" 59' 22'' 66 and 90" 0' 15", without refeience to the 
position of the ciicle’s axis (which happened to be about S"*7 inclined towards the south), or to 
the eiior of colbination * let the latitude bo dotcimincd again from this obseivation? 
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FiHi position of the veitical collimatoi givQS . 89"^ 59' 

Second ditto • • 90 0 15.00 

The place of the zenith point ♦ .. 89 59 48 ,83 

Obscivcd zenith distance subtiact. 39 9 43.33 

liiikii tMriii 

Appalent altitude of . 50 50 5,50 

French icfi’aclion (Vol. I).. . —46.85 


Tme altitude. 50 40 18,65 

Appai cut polai di.stance by the Naulic.vl Almanac 1 36 S3.54 


Latilude by this obscivation , . ... 5S 25 52,19 


In this ex.aiiiplc the inclination of the small telescope’s optical axis was 20" 10, and the 
eiioi at the zenith of the (}iicle + ll", 17 j which, if added to the observed zenith distance, would 
have given the complcmi'iit of the stai’s appaicnt altitude, and the latitude the same as it 
stands in the opcialion. 
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ON TIIU USES OV A POllTABLE ALTITUDE AND AZIMUTH CIRCULAR 

IN,ST11UMENT. 


1. Tins portable altitude and azunuth instiumenl, as now constiuctcd by llio best makers, 
difl'cis veiy htllo from oui insUiunont desciibcd in § LXVIIL, except in size, and in having 
vcinieis instead of leading micioacopcs j it will not tlieicfoic be ncccssaty to give a new hguie 
foi its descupUon, noi any account of its adjustments, winch aic similar to iliosowe have 
ahendy explained The diametci of each of its two giadnatcd ciicles is usually about a foot, 
and a pan of opposite vcuiieis indicalc the two readings} but, when the diaractoi of the 
veitical circle is extended to fifteen oi eighteen inches, Ihioeoi foiu vcmicis maybe used with 
it, according to 1 lie wish of tho puichasei, oi reading microscopes maybe substituted fox 
veinieis, when the packing-box is well contuved for seeming the delicate paits in cairSage. 
The si/e must always depend on the accuracy that is expected fiom the use of the instrument, 
and as cuclcs of eighteen inches diainctci, and under, aio usually divided by an engine, the 
expense of loading micioscopcs is gcneially avoided. "When Iheie me thiec oi four verniers, 
each reading to the accuiacy of 5", the mean of the whole may be expected to give the truth 
within two 01 tlucc seconds, or oven loss when tho obseivation is repeated, so as to give an 
aveiage but as foui vcuuci,s only peifoun the same thing twice ovei in the leversed ppsitions. 
Ml, Tioughton has lately piefeiied three, placed at 120® fiom each othei, which require less 
time to le^l, and arc consideied competent to give as good a lesult. When the woikmanship 
of tins insUnmcnt is good, and the cncles well divided, its powers may be advantageously 
applied to determine a vaiicty of data, fiom which both lime and the places of the heavenly 
bodies may be computed by diicct logaiilhmic piocesses, which have geneially been explained 
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by veibal lules, too nuineious and somcUincs too pioh\ to be well renicmbciccl, To paiti- 
culauze all these lules, and to illustiate them by appiopiialc examples, wopld cngioss too many 
of oui pages, laige as they aie, paiticulaily if we compiehend all that have been applied in 
nautical astionomy, as well as in fixed and tempoiary obseiv.itoiics, inchiding geodesic 
opeiations. We piopose, thcietoie, to aiiangc such a collection of ibinuiltt), as will dncct the 
logaiithmic compute! (which cveiy piactical astionomei must be supposed to be) to solve the 
different pioblcms, that aie most likely to occiii in ihc use of this comprehensive insImmeiU, 
beyond what belong exclusively to the tiansit-instiiimcnt alicady explained, foi which it is the 
best substitute When the poitable altitude and azimuth cades aie used out of the meridian, 
in a state of piopei lectification, they aio peculiaily adapted foi giving, at the same i instant, 
such measuies as constitute the giound-woik of vaiious iinpoitant coinpuLiUons, and on this 
account, as well as by leason of the tiansits that may he taken in the ineiuliaii, these uistui- 
ments, consideied as poitable insli uments, aic peculiaily useful in voyages and titvvcls ot 
discoveiy, wheie a solid lock will supply the place of a pedestal oi film liipod, on any shoie 
or place that may be accessible When the daily lale of a clock oi chioiiomclci is leqniicd 
to be deteimined, without lefeience to the absolute time, il will not be neccsstuy to icgaid 
eithci tlie exact altitude 01 azimuth of the .stai to be obscivcd, foi Mi. RulcIIc has sliown 
that, if the exact times be noted when the slai has the same altitude on siiccossivo days, cither 
in the eastcin oi western homispheic, by a clock oi chionometoi, going equably, Uio difloicnccs 
of the obseivcd times, separately compared with 3™ 55“.91, the slaTs gam m a sidoioal day. 
will give the gam or loss of such solai clock oi cluoiiomoter, but if a suleroa! clock be 
obscived, the difieienccs themselves w'dl bo the daily ciiois, ami then'mean may ho taken as 
the piopei lale. But as the long inteivuls that must elapse between sucli equal altitude's, lukcii 
on one side of the inendian, by an mstuiment lemaining in a fixed position, will pievont 

of taking obsci vations, that may bo employed foi gaming the icul tune, and uthei 
desidciata} a sextant and ailificial hoiizon maybe employed lot gaming the into 5 mul then 
the cncle will be at libeity to be used foi othci puiposcs. On whatcvei pait ol’ flic globe the 
tiavellei may have occasion to place Ins msliiiment, Ihoie aie always Ihioe jiomts ofrofeieiico in 
the heavens with which his obsei vations aic connected, viz. the iippoi pole of the equal01, F, f lie 

zenith of his place, Z, and the point ,5^ appaiently occupied by the stiu 01 othei body observed. 

The meiidian line in the heavens connects the pole and zenith, a cuclc of declaiaUon the pole 
and stai, and a voitical the stai and zenith j hence a tiiaugle, which may be denominated tlic 

IS, always foimed by the thice lines PZ, PjS, and A', which icpioscnt 
lespectively the co-latitude of the place, X, the polai distance of the body obseivcd, A 5 and 

the zenith distance, If we call the hoiary angle foimcd at the pole, Ii; the azmuitlml angle 
fonned at Z, a, and the angle of vaiiation foimed at S, v, then when any three, out of the six 
paitsof the spherical tuangle, aie given by tlie mstunneni and chionometci, 01 clock, the 
other thioe maybe computed fiom the following foimulte, which affoitl sevcial vai idles of 
mteiestnig deductions, wheie p is mtioduccd, in some of the more complex cases, as an 
auxiliaiy aic 01 angle, to simplify the foimuki, and to arlapt it foi logaiithmic c(«nputatioi). 

n the following Table as many expressions ate included, foi duecting the opqiations, as could 
be contained m an oidinaiy page* 
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ON THE USES OP A PORTABLE ALTITUDE 


2. Befoie the azimuth circle can be usefully employed in obscivatious, its zcio must be 
biought into’ the ineiidian, oi othenvise its index euoi asccitaincd, by moans of equal altitudes 
taken successively on the eastern and vvcstein sides of the inoudiiiii In doing this it will be 
convenient to measiue the altitude of the body obscivcd appioxiniatuly,in the fiisL place, with 
the mstiuinent in piopei adjustment in all lespccts, and allowing foi icfi action at lliut allilndCj 
the vernieis must afteiwaids be set to some dcgiec and convenient minute, that, with the 
addition of the lefiaction, exceed the obscived altitude, then if llio obhcivoi wait, till the stai 
appicaches the inteiscction of the veitical and hoiizontal wncs, in the telescope’s field of view, 
while moving the tangent sciew of the azimuth ciicle to keep the stai in view, tho tunc must 
be noticed, and the subsequent beats counted till the contact takes place, tho value of which, 
added to the time noticed, will give the exact time to be legistcied foi the fiist obsmvatioii, 
which should bo at not less than thiec horns befoie the mciidian passage. Piovulcd the stai 
be known, this lequisite can be pieviously deteimined, by coinpaiing the stai’a light nsccnsion 
with the sideieal tune at the moment When the focal distance of the telescope is from 
twenty to thuty inches, its highest powei will be competent to discumuuitc tho time to a single 
second, when the stai 13 obseived ncai the pumc vcitical, oi even iii otlier situations when 
it IS piopcily chosen for the puiposc, with lospcct to its distance fiom tho mcudian, which • 
distance is best when the stai’s motion in altitude is ncaily a maximum A (lei tlia Liino lui« 
been noted, tho azimuth cacio, which wc suppose at (list ciiouoously placed, must bo loiul, 
and the degiecs, minutes, and seconds shown by the vcimeis put down, When tho stai has 
passed its gicatcst altitude, and is declining towauls the west, its altitude must be watclicd by 
the instuiment lemaming in adjustment, oi icndcicd again veitical by tho level and foot-sciow, 
if any mclinatioii or leclination has taken place during tho intcival, but witiiout touching the 
telescope, or chstuibmg Its elevation. The stai, which, on tho oastcin side of the inoiidian, 
appealed to descend to the hoiizontal wuc, will now appeal to ascend, and nmsL lie watclicd, 
and followed bv means of the ,izimutlial sciow of slow motion, till tho contact again lakes place 
at the ccntial mtcisection 5 when fhe tune must be noted as before, the a/iiuuthal cuclo rc.id, 
and the measuie put down Fiom those two coucsponding obscivatious, caiefiilly made, two 
essential paiticulais will be dcteiramcd, the meudiaii point on the cuclo of u/unuthsj and the 
eiioi of the chionoraetei 01 clock, supposing the time to have boon indicated unilbinily; foi 
as equal azimuths coiicspond to equal altitudes, at each side of tho inoudiau, it is obvious, 
that the gieateat altitude, 01 altitude on the moiidian, will take place at tho middle of the 
obseived hoiaiy inteival, and also that the middle of the azimuthal aic passed ovci will be 
the point indicated, when that gieatest altitude took place Hence, when the veinicis aio 
tuined back, to lead the middle point of tho azimuthal aic passed ovoi, and tho lclo.scoi)0 has 
been cautiously depiessed to the horizon, while its axis remains level, a ‘fine maik, placed 
exactly in a situation to be bisected by tho veitical wiie, will be the mciuhan matk, aa ncaily 
as can be obtained by one pair of observations 5 and when the middle tunc is convei ted into 
sideieal time (Vol. I. pp. 3 S 4 ', 335 *), if not aheady in that denomination, tho diiferenco 
between this time and the star’s appaicnt light ascension, on the given day, will bo the ciior of 
the chronoinetei or clock and if one of the 60 stais given in the Nautical Almanac be chosen 
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foi this opeialion, the trouble of compiiUng the coriections, for obtaimng the apparent from 
the mean light ascension, will be avoided 'When the telescope has seveial houvontal wires 
placed paiallel to one anothei, above and below the ccntial one, the contacts may be taken at 
each, with the coiiesponding times, and aviinnlhal leadings, and tlien as many coriesponding 
ones taken beyond the meudian will give, in pans, so many separate determinations, of whicli 
a mean may geiicially be taken as the most collect, when but little disparity exists between 
the coiiespoiuling pairs, 

3. Should the sun be chosen as the object, in oidci to have the inteival in the day, in 
piefeience to the night, his daily change of declination, which is consideiablc neai the 
equinoxes, and but little ncai the solstices, will icndoi a collection nccossaiy, fiom oiu solar 
Tables 21 and 22 by Dclambie, or fiom 23 and Sdi by Zach, for obtaining winch examples 
have been given in oui fiisl volume (pp 361—SGli). When the instunncnt is thus placed in 
the meridian, it will be iioai enough foi deteimining the incudian altitude ol any'body tliat 
may be passing within the hours limited foi ohsci vations, and compai alive ti ansits taken on 
successive days, when the same stai is observed, will give the lalc of the chionomclei or clock, 
but to dcleiimnc absolute light ascensions with accuracy, the position should be examined, 
and if nccossaiy coucclcd, oithei by liigli and low slais, or by circumpolar stars, as the transit 
inslmmcut has been diiectcd to be managed in some picccding sections. 

iu Afloi the )>oi table altitude and azimuth cuclc has been fixed in the meridian, and a 

peunanent mark put up at a propci distance for distinct vision, obscivations may bo taken otU 

qf the metidiant and at any hoiaiy angle lemoved fiom it, that necessity or convenience'may 

jeqiino, and it is with a view to the leduction of these obscivations, that the foiinulec, foi 

deteimining all the values of the sides and angles of the asUonomical tuanglc, have been 

introduced in this section, as a tablet of diiections to the compulei. A few compulations, 

dopcndiiig on some of the foimulm, will loiidoi the application of all the lest suHicicntly easy, 

without voibnl diioctions. 

\ 


EXAMFirS 

Given, the zenith distance of » Aqiiilm collected for refraction = 65“ 18' 4>5", and its 
cotiesponding azimuth fiom the north point = 109° 27 * 43", on the 20th of May, 1828, to 
detciminc the hour angle, and latitude of the place fiom the piopci foimulse® 


In the Nautical Almanac for 1828 the appaictlt iioitli polai distance (A) of » Aqiiilm is 
given =5 81° 34'39", audits light ascension 19'*42“26*, neglecting the fractional parts; so 
that we have the Ihieo pails z, a, and A as data, foi determining the postulata by the foimulro 
4 and 16 in the following mannci. 
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Foi raula 4. sin h — 


sin z, sm a. 


sin A 


f Formula 16. cos (x ~ 



cos *' 


and aux. angle, tan <p = cos a. tan z. 


Siu« 65“ 18' 4-5 
Sin»109 27 43 
or 70 m 17 



Sum. 9.9328210 

Sin A 81 34 39 . . sub 9 99^2906 


Sin h = 60“ 0' 0" , 
01 == 4" 0™ O’) 

* *a R. A. 19 42 26) 


. 9,9375304 
sideieal time. 


Diff . 15 42 26=:/j,ifinlhecast. 
Sum ... 23 42 26= k, if m the west. 


Cos a . . 

0 

0 

27 ' 

43" 

*94 

9 .5226798 

Tang z . 

65 

18 

45 , 


0.3375408 

Tan ?> . . 

, -35 

56 

5 

t 

9.8602206 

Then cos 

A 81 

34 

80 . 

* 4 

9.1657.531 

Cos Ip. , 

. . 35 

56 

5 

9 4* 

9 .9083167 





Sum 

9 .0740608 

Cos z . . 

. . 65 

18 

45 . 

. sub. 

9 6208321 

Cos (X ^ 

^>)73 

30 

15 . 

9 • 

9.4502377 

Add^) . 

. -35 

56 

5 




pi ii I ■ ^ i H H II I ■ I II I , I I, n 

X. . , , . — 37 34 10, or iatitiule = 52° 25' 50" 


If wc suppose the appaient polai distance of the stai to be unknown, and instead tlicieof 
obseiVe the tiue time by the sideical clock to bo 15" 42"* 26', conesponding witii the same 
coirected zenith distance and azimuth, obseivcd by the instiument, the polai distance of the 
star and latitude of the place may be thus determined fiom a, %, and h. 


Formula 22. sin A = ^ 

sin h 


Founula 18 sin (X n 


Aux angle cot <p 


cos a 


cot A. sin <p 
cot« 


Sm « 109“ 27' 43" log. 9.9744486 Cot a ... . 65“ 18' 45" 
Sm s 65 18 45 ... 9.9583724 Cos» . . 109 27 43 


Sum 9.9328210 

SinA 60 0 0 sub 9.9375306 

' ' ' . .. 

Sm A 81 34 39 . . 9.9952904 


Cot ?) . . . 35 56 5 


Then cot . . 60 0 0 
Sm . 35 56 5 


9.6624597 
sub. 9.5226798 

..*.•“‘I ‘ .I i .iLb 

. ’ 0.1397799 

. . 9.7614394 
9 7C85368 


As the zenith distance («) was ob¬ 
served, the polai distance (A) is appa¬ 
rent, and will le^uue the piecession, 
abei ration, and nutations to be applied 
to get man A. 


Cot a ... 109 27 43 

SmCX'-i?) 73 30 14 
(? sub. 35 56 5 


Sura 9.5299762 
. sub. 9.5482312 

. . 9.9817450 


X 


* I « 


. . 37 34 9, 01 latitude 52° 25' 51". 
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When neilliei tlic tunc noi azunutii of the stai is known, at the place and moment of an obser¬ 
vation of the j'cnith distance of a known stai, taken out of the meiidian j piovided the iatitude 
be pievioiisly known, oi subsequently deteimincd by means of the gicalest altitude of another 
known stai, oi by llie highest and lowest altitude of a ciiciunpohii slai, so ,is to complete the 
tluee sides A, g, and A of the tiianglo, as it legaids the stai’ out of the meiidiiiu, which in our 
case IS« Aqiiilaj, the horaiy angle, and consequently the longitude of the place, by the aid of 
a chionometei, as well as the azimuth and position of the meudian, may be detcimincd by the 
foimulm 1 and 12 respectively, by the following pioccsscs 


hhiinula 1 Tan \ h-^ 

^ sill ^ A ^ A). Siu 1 (A ^ ? 


A). 




z 

. 6.5" 

18' 

45" 

A 

. . 81 

34 

39 


146 

.53 

24 

A . 

. -.37 

04 

<) 


2J 109 

19 

^ HM 

15 

8m 

■"6* 1 

i 

39 

37 , 

Again z 05 

18 

45 

A . 

. .37 

34 

9 


102 

.52 

54 

A 

•—'SI 

34 

39 


2) 21 

18 

¥ 

15 

Sill 

. . 10 

39 

7 

Sum of muuci 

atois 

f 


'B 


7 S log. 9.2008072 


~ 1 ■•in I •<" ~ ■ ■ —'• 


Subtiac< 


f * 


* t 


9 4 


0.1783.579 
9 .0554821 


%-■%" ■■ II 


A 

A 


« I 


I I 


• » 


. 81 
• 37 


A —»), 

18' 4.5" 

34 39 
34 9 


2) 184 Off 33 


92 

iSm of sup. 87 


13 40.5 

40 13.5 log. 9.99907J1 




Again A 81 
A . .37 


<V 

t t 


84 39 
34 9 


119 8 48 

65 j 8 4.5 


w. » v-v. 


2) 53 50 3 


8m . , 26 55 


1.5 log. 9.6558110 




(Sum of dcnominatois ... 9.05.^ 



ExLiact the loot . 

'fan. 30" 0' 0" 
Multiply by 


2) 19.5228758, laduia being added. 


1 t 


9. 7614379 =tang 1 A 




Co 0 0—A 

II.A. of * 


$ 4 


4 " 0 ™ 0 * sid. time ii’oin the meridian, as before. 
19 42 2G taken in the castcin hemisphoie, ' 


The diff. . 15 42 26 =:8idei cal tune at the place on May 20,1828. ' 

f! 

The corresponding solai time was 11" 48“ 2' 8, tho diffeience between whicli and the Gioen- 
wich tune, shown by a chionoinotoi, will give the longitude of the place m true solar time 
neaily; and when the allowance in sidcieal tunc is previously made, from the Supplement to the 
Nautical Almanac, foi the diffcicnce of longitude, the result will be correct. 
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Foimula 12. Tan J a=:y^ 


sin 4- -hA—g). Sin g- ( A -i- z — X). 
sm ^ (A + X + ^f). Sin I (5f + X — A). 


Sm i C A + X - a) 26" 55' 1".5 log. 9 6558111 
SinKA+s~X)54 39 37.3 -9.9115507 

^■ 11 H ill . iii fcl I ■ I H I il II !■ 

Sum of logs, of iniitieiatois , . 9.5673618 

Subtiact . . ... 9. 2664.733 

r • III ■ * I ‘ I ' I ~ ~ I 

Extract the 1 oot. # . ♦ ♦ @) 0.300883^ 

■*■. _ ■ ■ I - ji 

v/:=0.15044.17 

Hence «=70 32 l6.4 fiom the south point. 

'riieiefoie whatevei may have been the accidental indication of the vciniois on the a/iiniith 
ciicle, moving tlicm caicfully tovvaids the south, ovei 70® 32' I0".4 will bung the telescope mlo 
the tiuG ineudian In hkc mannei the othci formula* may be logaiithinically applied to similai 
puiposes, as occasion may demand. We have not used the angle w, as one of the data, which 
would have extended the niimbei of the foiraulaj} because it is not obtained fioin dnoct ob» 
seiration it is notwithstanding veiy useful in a variety of computations connected with occul- 
lations, and is in this example, by any of the foi inula), = 8.5° 31' 53". 


The suppl. 

Siiif(^ + X-A)10 39 7.5 


87 46 13 55 


log. 9 .9996711 
9 .2668072 


H 


Sum of logs of dcnoininatoi s . 9 .2664783 


tan 35° 16' 8" 2, oi tan f «, 


I 
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J LXXI A NEW PORTABLE ALTITUDE, AZIMUTH, AND ZENITH INSTRUMENT, WADE lU 

FAYREll [;Pi„ui, XXIII Fig 2] 

1 , Tun flguie numbeiod 2 , m Plate XXIII., is a peisjiective lepioscntation of an instuunenl 
contuved by the Authoi of the piescnt woik, and made lot him by ra 3 nei of WJnte Lion 
Stieet, Pcntonvillc, who has been long employed by Mi. Tioughton lu mannfactiuing sextants 
and small cncles of diffoicnt dcscuptions. The poitable msLuunonts that existed, wiicn the 
plan befoie us suggested itself, had then powcis limited by the smallness of then toloscopes 5 
and as lepeating instruments could not give gieater accuiacy than the liimled powcis of vision 
would allow, after all the tune and laboui bestowed on taking and i educing obsei vat ions made 
by them, a good telescope was chosen as the basis of the consLiuction, and a new inctliod of 
applying the vcuiieis all lound the divided ciicle, without the Uoublc of lopcating the ob« 
seivation, otheiwise than once in the lovciscd position of the cncle and telescope, was 
adopted, as being moie simple than the icpoating piinciple, and yet suflicienlly uccuiato foi 
even the nicest pmposes, that a small cucle is capable of being applied to . foi it will be seen 
that by this method thieo equidistant veinieis, loading to the accuiacy of 5 " each, will give 
twelve readings at two obseivations taken successively, and in a vciy shoit inteival, at the two 
leVemed positions. In deteiininuig the consli uction, it was necossaiy to guaid against the 
bending of a telescope of 43 4 inches focal length, which was the one pioviclod foi the piu- 
pose j and also that it should be &o mounted, as to be capable of revcision both in altitude and 
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dO“» 

a^imulhj while it pieseived ihc plane of the atlaclietl uiclo peifectly veitical, both befoie and 
aftei levelbion, It was also iccpusitej that the axis of the ciiclcS motion in altiludc should 
be adjusted and pieseived hoiwontal, at the same lime that the axis o( the a/imutbal motion 
icmained pcifccily veitical} that the position of the verniers should be icguUled by a good 
levelj imdei the command of a clamp and tangent sciew , and that all the paiis of the instiu- 
ment should be aUong enough to beai the telescope and cncle steadily, so that the adjustments 
iTUght not be deiangod by subsequent motions m elevation oi m anmutli, and yet that the 
whole would admit of being letuUly dismounted, and the puncipal paits sopaiatod, toi the pin- 
pose of being packed as a poitabic insUiuncnU How fai these pieliminaiy conditions have 
been actually accomphslied, will be seen in oui following dcscupfciou oi the instiument itself^ 
foi as It IS at picscnt unique, and the piodncUou of oiu own contiivancc, we cannot with pio- 
pnciy speak oi it in Icims of cneomuun, but simply biatc the uses to wlucli it may bo advantage¬ 
ously a])plied* 

2 The base on which this insUnmcnt stands is a tiipod, composed oi ihiec stiong aims of 
biass, slanduig as edge-bais, each ton inclics long, and teiminuting with cnlaiged lound ends, to 
admit the foci sciews, and a sUt, made ]ioui<ontally acioss the female screw, piodnccs iin elasti¬ 
city that makes the two pails open fiom each olhci a little, and keep ihc tin cuds m close action 
with the feet scicws these bars woic cast m one having a stiong caculai piece at the centre* 
which IS pcrfoiatcd, and also a cuculai edge-bar, twelve inches in duimetei, conconliic with it. 
A cucle of twelve inches in diameter, having its limb stiengthened by a cireiiltu cdge-bai be¬ 
neath, IS fixed upon the cncle of these aims, and the ends of llie tluce feet aio lonncled in the 
lathe, to fit the thieo cups, foiincd at iho uppoi ends of the solid beaiing jncces, tlnit may be 
placed oiiapillai oi othci fiim suppoii, In ihc centio of the inpod avciy sliong tapeimg 
tube, or pillai of biass, is made last to a thick llaneh, which is then fixed to the tupod by Unco 
thumb sciews, ascending fiom the lowci face of the tupod, tins fixed lube foiins the pcipon- 
dicuhu axis foi iho a/imuihal motion, its lenglh being upwauls of two feci. Hound tins fixed 
tube art cxteinal one oi largci dimonHions lapoimg fiom three and a half to two and a quarto 
inches in diamelei, revolves m nice contact with ungs of bolUnetal at the two oxUemo ends • 
this cxtcuoi tube cauios the two opposite verniers at its lowoi oxUcmity, and at its uppei a 
buicket, or outnggai, on the two ends of winch the hoJi 52 ontal axis of the veitical cade lests. 
The outci end of this biackct is suppoilcd by a sliong biass bai, scicwed to it, and also lo the 
outci tube at about two thiuls fiom the uppci cud, so (bat when the long iubo is turned jolukI, 
the cucic and paits connected with it turn also into any loquued a/unuihal position, indicated 
by the iowci vomicis, which lead to 10" each. The hou;5ontal pl.ite of thebiadccf has a couple 
of cocks ascending fiom it, one at each end, winch lecoive the sti oiig pivots of thechcnlfti and 
peifouUcd beaung pieces, instead of Ts, the ontci one of winch has soews of adjustment for 
the honmilaliiy oi the veitical ciiclc’s axis * this axis, composed of bclkniolal at the places of 
contact, has its icmote end so coniniedin the beaung piece just mentioned, that no counteiv 
poise IS lequiied to balance the cucic, and its appendages, attached lo the othei end of it; foi 
the plane of the cncle lies only two inchps and a half beyond the contic of the niduded pillai, 
and the houzontal axis is a solid body of eleven inches in length hence the position of this 
part of the instiument gieatly icsembles that of the Giecnwich niLiial ciiclei Tho cyhnducal 
beaung piece, neai to the cucle, is cut into two half cylindeis, which may be pi eased together 
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by tl)e two thutnb-sciews, that appeal in tlie flgme, so as to be capable of fixing the ciiclc ni 
any given position, independently of the ordinaly clamp of the ciiclc, which has its tangent 
sciew and clamping paits made fast to the i evolving tube, below the edge of the on do, whcio 
the two milled heads of the fixing and tangent sciews aic clcaily seen, Tho voitical ciiclo la 
sixteen inches and a half m diainetoi, having its limb siippoitcd by eight conical ladii, and is 
divided into 5' spaces by the engine the innci end of tho honzonlal axis is loft witli a sliouldoi 
thickei than the cyhudei that appcaib ovci and paiallel to the biackot, foi the sake of .stiongth 
wlicie the weight falls, and the cential piece of tho Ihice aimed vcinioi endo icvolvcs on a 
long healing lound this thick pait of the'axis The vcuiiei ciiclo has an odgo-bai siinoniKling 
its exteinal face, which not only stiengthcns it, but affoidsthe means of damping it to tho le- 
volving vcilical axis, m oidei that thevcitical ciiclc may move cithoi with oi without tho 
veiniei ciicle. This clamp is of a pccuhai consLiuction, having both voilical and hoiuontal 
motions, by means of two suitable joints j and being made fast to ne.uly tho iippoi end of the 
levdving veitical axis, will eithoi tiiin back fiom oi take hold of Ihi' vcniici ciido, as occasion 
may leqiiiie, the second damp, having a tangent sciow, is, as usual, attadicd to one of the 
veinieis. 

3. The instillment has two hanging levels and also a plnmh-hnc, the lust of which may bo 
used 01 not, as the Icvoli. alone aic competent to pcifoun all that is uxpuiod, in cflbcting and 
watching the adjustments one of these levels may be scon hanging by its aiignlai hooks iomul 
the bdl-uietal pivots of the veitical ciicle’s axis, and the othoi is suspended by puis, fixed in a 
pail of cocks SCI ewed to the face of the veimoi ciidc, and caiiying the icqmsilc adjusting 
bcicws The pUunb-hne, which is about two feet and a half long, is siisponded lioin tho ociilie 
of an adjustable plate, that covois the top d the long veitical tube, and, descending down the 
fixed pillai, IS viewed below by a pan of micioscopcs, of tho ghost kind, fixed at iiglif angles to 
each olhei, so as to detect any inclination towauls eithei of the two diicclioiis. The suspension 
plate might have been home by tho fixed pillai, but it was placed, as an oxiieumeul, on the lop 
of the biacket plate, attached to the levolving tube, whcic the squared aibois of the adjusting 
sciews may he moie easily appioachcd by a long key, but as the plumb-lnie suspended hete 
must necessatily descend m the contial line of the pillai and of tho ievolving tube, and is 
viewed by stationaiy micioscopes, tho delicacy, m completing tho adjustment of this liiio to the 
exact cental point, lequiies some tunc, and is lathoi a tioublcsoine opeiation , but when ad¬ 
justed the indication is veiy sensible. The leading micioscopo, with aioflccloi ofplasloi of 
Pans, will apply to any one of the pins earned by the throe aims of the vouiieis, but a micio- 
scope oonstLicted on the piinciplc of a shoit telescope, such as is scon in figuic 3, enables Ihc 
obseivei to lead with moic convenience, as tho heat of an illuniinaling tapoi oi lamp legaids liis 
face, and this micioscope clamps to tho supporting bai of the biackct, and views flom thcncc 
the divisions on the limb, and also the veiineis biought to it in succession, aftei the observation 
IS made, foi the field of view is large enough, to take in all that is wanted in one position. 

4, Tho telescope consists of Ihiec paits, the eyc-end, the objcct-oiul, and a shoit mukllo 
piece into which tho otliei two aie sepaialely sciewed the imddlo piece, which is a shoit fius- 
tnm of a cylinder, has a flat squaie plate of consideiablo thickness made fast to one side of it, 
and four thumb-sciews, one at each coinei, fix it fiunly to a similai plalo, that foims the strong 
flanch of the veiUcal ciicle s axis, at the posteiioi face and in this way, the optical axis of 
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the telescope being fixed paiallel to the giaduatcd face of this cucle, the two aie stiongly 
united, and move oi losi togelliei* Then, to pi event the injurious bending of the tolebcope, a 
pail of buisb cocks aic attached to the tclebcope, at 16.5 inchcb distance fioin each othei, just 
opposite 1 he edges of the ciiclc that aic diamelucally opposed to each othei, and a pan of 
thumb-scicws, passing iluough the piojocting ends of the cocks, enloi the solid ends of two co¬ 
nical ladii, and thus bx the telescope’s tube to the cucle at two additional and distant points 
opposite to each othei, and ncai the veiy paits of Ihe tube that me most liable to flexiue* Be¬ 
sides tins piotection against ciuvatiuc, sUong iings of biass foiming diapluagms, aic foiced 
into the tube at ddfeicnt places, that not only biace the tube, but affoid the means of balancing 
the opposite ends of the telescope when the object-glass and cyc-picce aio allacheth Mi, 
TiouglUoii lias had occasion to notice, that when a telescope is bent alike at both ends, the ci- 
loistpiodiicod in aliitnde will balance each otlici, The loadinp^ nucioscopo, been attached to 
the vcitical axis, above its lowei extiemity, is intended to watch thcpcipcudicaUi position of the 
telescope, when duccted 1o the zenith, which it does by its spidei’s line bisecting a dot on a 
piece ot silvei caiuod by a cock, made f.ist to the telescope’s tube ncai the cye-pioce, which 
dot IS luijustable by a pan of oppofeuig smews, The iubnki no/zlc of a small lautein, inseitcd 
into ihe cyhnducal opening ui the middle jneco, opposite the Iclescope’s hoii/ontal axis, atfouls 
light in the usual way, foi illumnuating thewues bofoic the positive cyc-pioces, that have vauous 
powcis adapted to the telescope* 

5. It IS easy to pciccivc fiom oui dcscnption, that this instuimcni, having tangciil-sciews 
jfoi slow motion, both ni alUlucto and a/imiUh, may be applied to almost ail the pniposes of 
piactical dstionomy, besides (ho ouhnaiy pm poses of a good ilnoo (ect and a half aciuomatic 
telescope, witli the vauous miciomctcis successively applied to it, as fai as a clcai apcitiue of 
^ .OiJ inches anpphes sullicient light But the chief uses foi winch the consluicUon is best 
adapted, aio those by which Inne and the lalUiide of ihe place may be accuiately deiemuned, 
As an cgual-altitude instuimcnt, and also as a zenith insUnment, it ismfcuoi to none of a 
poitablc sue, and is compcLont to pcifmm all the woik that can bo icqmicd fiom any instill¬ 
ment ol the bame diincubjons uidccd the length of the vciLical axis, as well as ot tho tele¬ 
scope, bungs it into compotitioii with many of the laigei msUuments on thescoie of accuiacy, 
and yet when the five puncipal poitions aic dismounted, by moans of ihumb-bcicws with milled 
lieads, and packed foi cauiage, they aio contained in a box of 31 3 inches long, l6 5 bioad, 
and seven deep, which will go undei tho seat of a tiavclling carnage As a zernih insti ument, 
used with a spidci^shne nnciometci, the easy rcvcision m position, by the help of stops ap¬ 
plied to the edge of ihe azimuthal ciicic, gives a facility to the opeialion ol detoi mining the 
latitude by a known zenith stai, that yields not to that of the voitieal colhmatoi, when the 
levels, plumb-hne, and leading micioscopo, co-opciato in watching the position of the veilical 
axis, and confidence in the icsult is siiengthcned by these mutual checks, beyond what can 
be implicitly placed on any single lesomcc lutheito employed If heicalter the veitical colli- 
matoi should gam a piefcience, in point of accinacy, ovci tlio level and plumb-line, tlie con- 
sliuction of tins instiument is pcculuuly adapted foi availing itself also of this advantage, 

0 The utility of tho inslmmciit foi mcasuung equal altitudes also is quite unobjection¬ 
able 5 for, if we admit, that the telescope may be liable to flexme to an extent, that may icn- 

del it unfit foi taking absolute alUtudes with great accuracy near the hoiizon, yet the double 
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clampings, of the cade, and of its hoiizontal axis, will detain the telescope any length of lane, 
that can he icqiuied, in tlie same state of elevation, so long as the position of the veilical axis 
lemains iinaltaied, foi all that is icquiied in such obseivatioiis is, that the altitudes bcfoio and 
aftei the meiidian should be piecisely (he same, without legaid to then absolute qiiantiUcs. 
The five hoiizontal lines affoid the obseivci the oppoitunity of taking as many coiiesjionding 
instants of tune at each position, befoic the azimuth cucle is leleascd, and il' a ineiidinu iiuuk 
be leqmied, foi gaming absolute azimuths, the middle point of the total aic, passed ovci duiing 
the inteival, will give it veiy neaily, when a stai has been twice obscived at tho intoisoction of 
the two middle lines, so that in the couisc of about eight houis, the tiavelhng obsuivoi may 
obtain his tune, his latitude, and the situation of his meuduui, as ducctcd lu oui last section, 
with but little tioublo j aftci which he will be piopaied to take altitudes and azimulhs lu the 
leveised positions of the instiuinent, with such othei obseivalioiis, oithci stellai, solai, lunar, 
01 pianetaiy, as may best suit his piupose. When the adjustments ate all pcilcct, and the 
instuiraent biought into the meudian, by seveial pans of slais, it will even become a tolciable 
substitqte foi a tiansit instiument, when delicately handled m giving elevation, not liy tho tele¬ 
scope, winch should ncvei be touched, but by the ladu of the cnclcj oi by tlie gibbet wliou 
turned quickly in azimuth, aftci which the tangent-scicvvs will complete the obsoivatiou. 

7 The adjustineiits of the insUiunoiit boloic us axe neiLhoi innncious noi comjilicated, 
being of the same natiuc as those of othci <dtitudo and azimuth ciiclcs, alieady dosciibed, and 
theiefoie need not be again paiticulaiized Wo must beai ui mind that tho veitical position 
of the iipiight axis of motion is the mam object of attention, dming a zemtli obsoivatiou with 
tins instrument, when used in conjunction with a wiic miciomctcr, and also wlicn equal alUtiulca 
and equal azimuths aie to be dotcimmcd. but when collimated altitudes oi /.cnilb distances tuo 
obtained, the level of the levolving veinicr cucle is that on which tho loadings ultimately de¬ 
pend , and when the telescope is doubly damped m altitude, its elevation will bo steadily pic- 
seived, while the position of the level and of the attached veimcis is loveisod, and loadjustod by 
the tangent sciew, which is veiy convenient foi this piiiposc Aflei ibis i cvci sum of llio level and 
veinieis, a second set of leadings is piocuied, at each position of the tolcscope; and when 
the level is a good one, the twelve leadings, by the tliieo voinicis taking four diflbicnt posi¬ 
tions, with only two sights of the telescope, appioximatc to the aeciuacy of tho lopcatiiig 
piiuciple, which wo shall have occasion to explain in a futuic soctioin In genet at, however, 
SIX collimated leadings will bo obtained m the two icveisod positions, wilhout tho lovoiving 
piopeity of tho veinieis and level j and in many cases these maybe dcoinod suflieieut, when 
the time will not allow of six leadings being taken at the fiist position, but aftci tho obsciv- 
ation has been made in the reveiscd positions of the cucle and telescope, in the usual way, 
the othei six leadings may also be obtained, the fiist tliice while the telescope ictains its 
second position, being sccuicly clamped, and the second thicc when icplaced in its picvious 
position, by means of the vernicis and level, which aic competent to leinstato the telescope’s 
oiigmal elevation. Since oui leadeis have been instiucled in tlie management of a liipod, and 
of a level oi plumb line, by the method of mediating the euois icpeatedly explained, tho 
oidmary adjustments foi vision, levelhng, colliination, and the index will bo as obvious, as they 
must now be familiai. We pioceod theiefoie to give an example of the use of om insUumcut, 
applied to deteimme the latitude by the zenith observation of a stai. 
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8 . Emmple 1 —On the evening of July SB, 18Si, the slai ^ Diaconis was obscived, in 
passing the mciiduvu of South Kilwoith lectoiy, by the telescope of Fayier^s cucle in duo ad¬ 
justment, with a bpidei^slmc miciometei by Tioughlon applied to it, that gives 85 m a 
revolution ^ when, with face west, the measuie of the stai iiom the fixed line was 1,88 lovolii- 
tions by one of tlie imciomctci's scicws, m a loiwaid diicctiou, and with face cast, only 0.07 
by the othei scicw, moved m a letiograde duaction, the bubble lomaimng unaltered by levci- 
sion* let it be requiied to detcimme the latitude fiom this obseivation? 


Operation* 

llcliaction. 0''.00 

h 

"Face west * , -hi,88 Abei. with mg 7 IS"* 25' . -*13 33 

Face cast . . . —0,07 < with aig. 0 14 9 . h 2,34 

—^-- Onut, with aig* 11 18 54 • — 0 08 

Mean towaids S. 0,055 r;S9".95 -- 

Sum of the couections . , • . —10,97 

j8 Diaconis, Jan 1, 1820.*.37 S3 37 

Foil! ycais^ ami, vai. add , , « -hi 1.88 


July 28, add moie (Tab, XV) • . . -h 1 *05 

ft'i. 1* ^ ^ 4 ] m» i I i i m i iB , I 

App. N.P.D. 37 33 40.1 (i 

'Observed zemth distance towaids the south .. HiiOiOS 

* 

Colaliliulo 37 34 10.11 

Latitude a.'J 4-9.89 


in this obseivation the stni was so near the zenith, and the fixed huo of the miciomotci so fiu 
from the optical centre of the telescope, that the erior of colhmatlon exceeded one of the mca- 
suies, winch theicfore became negative. 

9. Exantfle 2.—On the 28th of June, 1828, the sun’s iippoi hmb was in contact with the 
middle hoiizontal wue, at 5“ 50“ hcfoic tiuc noon by a sideieal clock, with the plane of the 
circle turned towards the east, when the mean of the tinea vcinious gave the appaicnt zenith 
disUince 28° 54)' 13".3 *, and when the face was turned towiuds the west, ihc zenith distance ol' 
the lower hmb, on taking a mean of the same vciiucrs, was found 30° 85' 4)8''*S j iheic being 
at the time a consideiable index eiioi of thcveinicis, as they regarded Uie level carried by 
the lovolving ciiclc then, the observation being concluded, the veiniers were cariicd rountl 
thiough 180°, while the telescope retained its second position, and the bubble was adjusted by 
its tangent sciew to the middle of the scale, as bolore, when the mean of tlie thice leadings 
was found 30° 37' 3S".d , lastly, the position of the telescope was changed to its ougliial situa¬ 
tion, by tuining the face ol the cucle back again, icplacing the verniers at 28° 54' 13",3, as at 
fiist load, and adjusting the elevation by the clamped level and telescope’s sciew of slow 
motion} It WAS then doubly clamped, till the vernieis had beeft tinned tluough 180° by their 
level, when the mean of the fourth set of readings was 28° 52' iKi)"’ in the mean time the 
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baioinetei indicated Q9.65 inches, and the thoimometci 78“ let it be lequiicd to detciiiune 
the index eiioi common to the veinieis, and the latitude of the place of ob&civation fiotn the 
pieceding data? 

Opet aim. 


Face east . , . 28° 51/ 1S".3 Face west . 30° 35' 4.8".3 

28 52 40.0 30 37 33 3 


Mean. 28 53 26 6 . 30 30 40.8 Sum 59° 30' f 4 diffi 1° 43' 1 l/'.y 

Then -j sum = 29 45 3.7 is the collimated 7cn, dist. of the sun’s contic, as obsoivod j 

and J the dilE lessened by the sun’s diainetei (31'31") gives the index eiioi =: 35' 51".{). 
Hence we have.29“ 45' 3",7 = app, s’cn. dist 


Sun’s declination horn Naut. Aim. 
Latitude of the place . 



0 

31.2 


0 

4.2 

... 

1 

16,8 

— 

35 

51 .6 

29 

8 

22.5 

23 

17 

30 0 

52 

25 

52 .5 


\ 


paialLix in alt. /•Vol. 1. 

leduction to the niciid. 3 

index euoi with contiaiy sign. 


,5 1 educed to the inciidian. 


52,5 disiegaiding the sun’s latitude. 


10 , When equal altitudes and equal aiSimulhs of the sun’s centio .ne observed, it bccomcn 
necessary to notice both limbs, as they legaid both the veilical and Iioiivont<il wiies, and wluni 
theio aie five veitical, as well as five hoii/onUl, sevcial pans of observations maybe inude 
both m a/imuth and altitude. 'Phe ingenious authoi of the Fasciculus Ashonomens hi Hi 
lecoramcnded this mode of using the azimutli, altitude, and tiansit ciicle, and as he iniiy be 
consideicd the fathci of such coiistuiction of an mstiument, we will give his diu’ctioiis foi 
using it advantageously in neaily his own woids. “ In the morning, two, throe, oi moic hoiua 
before noon, lot him ” (the obsci ver), says Mi. Wollaston, ‘‘point the telescope toward the 
snn, and a little above it, and, clamping the veitical cuclo, let him follow the sun till its iqipei 
limb touches the fiist hoiizonlal wiic Then, noting down the exact second of lime, as shown 
hy his chiononAotei, when that happened, let him follow the sun again till its uppci limb just 
aiiivcs at the second houzontal wne. Aflei setting that down, as befoio, let Inin piopnie foi 
Ihc thud 01 cential wnc, by now clamping the instiument in azimuth likewise, and holding Uis 
adjusting SCIow between hib fingci and thiinib^ let him bung the pieceding hmb of tlic siiri 
just to touch the thiid oi cential peipcpdiculai wne, at the same instant that the uppei limb 
just touches the thud oi cential hoiizontal one. Noting that instant, and setting it down, let 
him now lead off the azimuth maiked on the azimuth ciicle, and set it down undci the other, 
and then.prepare foi malang the pieceding limb to touch the fouith peipendiciilai wne, at the 
same instant that the uppei hmb aiiives at the fourth horizontal one, setting that time down 
again, and reading off the azimuth again, and setting it down, let him do the same by the fiflh 
wne each way, and lecoid them as befoie. Ho will now find the lower hmb of the sun, and 




AND ZENITH INSTRUMENT, MADE BY EAYRER 


471 


its second oi following limb leacljr foi obseiving in the same way at the fiist, second, and thud 
wues let bun make each peipcndiculai wue a tangent to the sun’s last limb, at tlie instant 
that its lowei limbjusl loaves the conespondent liouzontal wuc, setting down the time, and 
atlci I’cading otF the a/ainuth, setting Unit down too undei the other, After these opeiations, 
the instillment may be icleased in azimuth, and the lowei limb alone be obseivotl, as it quits 
the fouith and fifth hoiizontal wues icspcclivoly. As soon as the sun has thus passed all the 
wiics the obseivei should icad ofl, at both the micioscopcs (or vcinieis), the zenith distance 
01 altitude at which he had clamped his ciicle, and also the indications of his baiomcter and 
thcrmoinetci foi though ho may have no occasion to regaid the piecise altitude at winch he 
made tlicse obsoivations, yet, if any thing should depuve him of the coiiespondent ones, he 
may wish to have it in his povvci to deduce Ins time oi his azimuth fiom these and leading 
the miciosoopcs, uftci all is ovei, is atteiidod with voiy little tioublc. These things at fiist 
will appeal huiiying, and till a poison becomes a little accustomed to such obsoivations they 
will ceitainly be so, but aftci a little jnaclico llicic will be found time enough to go lluough 
the whole with ease, fin the veitical ciiclc loin.uns clamped the whole tunc, and all the six 
azunulhs ho much within the hmds of Iheh adjusting scicw.” 

11 . Leaving the lusUumcnt clamped in altitude, and well scieonod fioin the sun’s lays, 
the obscivoi must wait till tins body is at the same distance fiom noon lu Iho evening, befoic 
ho can icsmno his task, In the mtcival the state of the adjustment foi veitical position must 
he examined, and biought light if uccossaiy, tliat tlie evening obsoivations may be made iindci 
the same ciicumstanccs as the moiiiing ones weic. When the time has aruved, the same 
method of obsciving must be puisiicd that was obscived in the moimng, those wiics being 
consuleicd as the fust which the sun’s limb lust appioaclics, the times of the diffcient appulses 
of both limbs to the icspcctivo boii/oiital wues must bo noted, and the a/miullis load conc- 
spoiuling to the coniacts with the peipendiciihu wncs, as m the raoinlng series. When all 
the coriesjionthng altitudes have been obscived in this mannei, thcio will be ten pans 
rcgistoied, and six pans of azimuths, winch must be piopcily classed, by talcing the last of 
the morning m conjunction with the fiist in the evening, and so on till the contacts aie all 
paned in Ihoii lospcctivo denominations. The method of deducing the timo fiom the hoii- 
zont.ll wues, by J^clambie’s oi Zach’s Tables of collection of noon gained by cqu.il altitudes, 
has been expUincd in oui fust volume, and iclerrcd to in the last section, but the eiioi in 
azimuth, aiisiiig fiom the sun’s change of declination, duung the inteival between the moimng 
and evening obseivations, will lecjiiuc a collection to be applied to the middle point of the 
hoiizontal arc, passed ovei in that intoival. Delambic has given a foimnla fin tins piupose 
in the first volume of his yjsirommtet p. 5()7, winch is of easy application, thus • 

Cor. = ____, 01 = T (D'—il) . sec lat. coscc ™ 

coslat X sin--.(T'-T) ’ ' ^ 

lu winch {jy^D) IS the change of doclinaUon, and (2’'—T) the interval m timo» When the 
sun IS advancing towaids the noith pole, this coucctiou will caiiy the ^middle point towards 
the west of the appioxunate south point, but when he is appioaelnng the south pole, it will 
carry the same towaids the cast, and must be applied accouhngly* , 
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12, If we suppose an obseivation to liave been made on July 10, 1828, when the sun’s 
daily change of declination was 7' 50"^ leccding fiom the noith, oi tending towaids the south, 

and {T-'T) the mteival = 8" 0™ 0% then ~ {T~T) will be =: 60° 0' 0", and } (D'-i)) 

~ 78" 33, the change due to 4'', oi half the inteival} hence, if we take tho latitude at 28', 
wo shall have 

Log 78".33 . 1.8939281 

Cosec 60°.. . 10.0624694 

Sec lat 51° 28'.10.20.55330 

Correction 145" 19 .2.1619305 


Now as the sun’s daily change of declination is, at this time, inci easing his distance from the 
noith pole, oi shoitomng the diiunal aic, tins collection of 2' 25" 2 must cauy tho middle 
point of the obseived aic towaids the eastein side of the said point, (o gain the trno southern 
point foi a mcudian inaik 


J LXXII THE GEBENWICII MURAL CIRCLE [Pi,atii XX ] 

1. A MODEL of this gland insliiuncnt was offoicd hy Mi. Tioughton to the Picsulcnt and 
Council of the Iloyal Society m the yeai 1806, and iccommendcd to them as exhibiting Iho most 
pioper constiuction that could be devised foi the use of the loyal ohscrvatoiy , bnt Iho instui- 
ment was not finished until six yeais aftciwauls. The whole fahiic being voiy difieient fiom any 
tiling that had picceded it, even the learned body above mentioned did not leadily coinpiehciul 
Its nature, and much waim discussion took place befoic it was adopted 'fhe ai List who pi oposed 
the new ciicle, had, long bcfoic the peuod above inciitionod, conceived the idea of mensuiing 
polai distances fiom the pole itself, asazeio, to the uttci exclusion of piuinb-lino oi spuiU 
level. Befoie enteung upon a dcsciiption of the muial ciiclc, it maybe piopci to give an 
account of the new pimciples which Mi. Tioughlou liad in view at the time he fust pi oposed 
it} when, havingfaiily befoio him eveiy foimci constiuction of the cnclc, as well of those 
that succeeded as of those that had failed, he dctciinmed to adopt this peculiar constiuction, 
and gave to astionomy a new instiument 

2 The aitist contemplated with what simplicity a hoiizontal angle between two toiiestiial 
objects is mcasuied with the theodolite, wheie, without legaidmg any zcio to lecivon fiom. 
Without icveision of the instiument, oi icfeienco to any secondaiy aitifice, the thing svanled 
is compiehcnded between two points upon the limb, and at once obtaniecl by the dinbicnco of 
two leadings it was theicfoie easy to see, tliat a cucle steadily fixed in the plane of the 
meridian would, without the assistance of plumb-line oi level, give angular distances of tlic 
heavenly bodies, and fiom time to time show then relative positions lespccUng each other. 
For the pmposes of geodesy, wlieie the objects aie at lest, the honzontal angle is gcncially all 
that can he wanted, but the celestial bodies being subject to vaiious motions, to asccitain and 
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ineasuie which is the intent of the instrument, an immoveable point to reckon fiionfi becomes 
indispensably neccssaiy without such a point an instillment might indeed show any change 
of place among the heavenly bodies lespecting each otUci, but would be found defective, 
because altogethci incapable of assigning locality to any individual body. The idea of a circle 
fixed to a wall, m the plane of the meudian, did not escape the aitist, the steadiness, simpli¬ 
city, and elegance of such a position had fixed it in his mind. All the diffeicnt applicaliona of 
the plumb-line, foi pioving its position 01 foi supplying a zcio, had been examined andicjected, 
and li was at no iiiconsidciablc expense of tunc and thought, that the want of a beiiei substi¬ 
tute was supplied. At length it occuircd, that sucli an instuiment was no othci than the 
meiuhan ciiclc of an equatoual, the pohu axis of which is the axis of the eaith pioduccd to 
the staiiy icgions. In the pohu point natiiic has piovided foi the astionomci an uneuing 
zero, and has given him an unexceptionable cnteiion foi the position of lua in&tiumenl , a 
point pennanent, flee fioin the cuois of manipulation, and equally independent ot the celestial 
bodies and of the instiumcnt Invisible indeed is tins point, but piccisoly determinable, and 
easily lofened to the instuimcnt, by obsoivations of the stais m Us vicimiy, which appaienlly 
revolve loimd it 

S. It must be mentioned that the polai zero is somewhat defective, inasmuch as it cannot 
*show 7 cnUh chbtancos, and of coiuse cannot alone give the latitude of the obsorvatoiy • to 
icmody this defect, a ten feet zenith miciomotoi was elected at the back of the piei, by which 
the point zenith could be lound, and rofoiicd lo the divisions of the cucle. The zenith is no 
otherwise essential to astionomy than that its distance liom the pole is the co-latiludo, and also 
that It 18 the point of no refiaciion. The zenith imciomolei, howcvoi, has ncvci been used 
theie was something defective in the illumination, besides, it had been thought that, as it 
reversed by stops vciy quickly, th01 e would bave been Umo loi making two coucsponditig 
obseivationp of a stai at the same passage 5 but this being found iinpiacticablc, the zenith 
sector of the obseivatoiy (one ol the most pciiccL of the old insUuinonts) was {subslitutcd. 
The zenith iniciomctei, howevci, made no paU of Mi. TlOllghioa^s oiigmal plan; it was 
annexed to the miual cucle to iccoiicile contciuUng paitica, many individuals of whom weic 
shy of the polai zcio, and insisted on a plnmb-lmc being employed m some way 01 othci. But 
thcie IS anothei and better way of coming at tlio same thing \ and winch was strongly iceom- 
inended by the aitibt bofoic the instuuneiit was made. Wo heio allude to the method of 
obscivmg by icflection fiom a piano of naked mcicmy. The same laws of mituie which point 
the plumb-line, foim also the siufaco of the fluid at light angles to it. But the pluinbJine is 
the woik of man, and the lefiecting sin face the appointment of natiuo as much as the polar 
zeio The zenith sectoi laiiges about 61 "^ on each side of the zenith point, the miciometei 
scaicely one half of a dcgiec, wlicicas the leflecting siuface seivob equally well fipm 15 ^ 
above the houzon to below the zenith, a lange of 63 ° on each side of the zenith. Obsci v- 
ations hy leflection weic not piactised at Greenwich foi twelve ycais aftei the muiul circle had 
been put up , but since that tune have been employed conslauUy. It was thought that such 
a mode of obscivation would be veiy tioublcsomo, and that the air would seldom be in so calm, 
a state as not to chbtiub the surface of the ineicmy» tlic foimei objection was obviated by a 
convenient gallery, which Mi. Pond contnved foi the obsciver to stand in, and the iattci never 
occuis but m lough weaihei, The polar zeio is used to most advantage m high latitudes, 

YOL, IT. 3 V 
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where the refiaction at the pole is not gieat, and the small arc of the meudmn, terminated by 
a cucumpolai stai, may be collected by the Tables and instuiincnts that give the density of 
the ail, within a sensible quantity. A six-feet iniual ciide has been sent to the Capo of Good 
Hope, wheie the polai zeio will fail. The south pole has not within scvoial dogices of it a 
star that can be seen in the day tunc 5 and at the Cape, wheie the pole is not elevated inoie 
than 36“^, if theie weie a stai of the piopci magnitude and distance, the unccUainly of icfiac- 
tion would make it of vciy little use; thcicfoic at that place the horizontal zoio must of 
necessity be employed. The Kev. Teaion Fallows, the pieseiit astionoinci at the Cape, will 
not sulfei much fiom being depuved of the use of the polai zeio j foi at Gicenwich, where 
both zeioes aie independently used, the same icsults aic obtained, and thus the inslnuncnt 
demonstiates its own couectness. Theic aie 126° of the mcndian that may bo seen by icfloc- 
tion, and any stai obseived in tins way, and also by duccl vision, gives the horizontal point, by 
simply bisecting the angle compichondcd between the leadings of the two obsoivalions. thus 
the hoiizontal zcio is found by two obseivalions of any stai, and that without logaidmg the 
refiaction, foi it is obvious, that a stai elevated by diiect vision will bo just ns much depicased 
by leflectioii. But as both obsoivations cannot be made by one instmmont on the same day, 
the thei mometei and bai ometei may have altered, and of com sc the diflbicnco of lefrncUon 
must be applied in finding the hoiizonlal zero* hence, foi this pm pose, high stars ate best, 
because the lefiactiojis aie smaller, as well as less liable to alteiation, which is not the case 
with the lower ones, The hoi izonlal zero has many beauties, one of which, and not llio least 
of them, js, that iwi the luiceilamty of the lowei lefiactions vanishes when a gieat nnralier of 
obseivations have accumulated, the method of obseiving by icflcctiou becomes a ciitouoii for 
asceitaming if there be any flexuie m the instiuracnt, and when theic is, of asccilaming its 
quantity, and famishing data foi coriecting it. 

4i In making obseivations with the mural ciicic, the Iclescopo and ciiclc move loiiiul 
togethei, and while this is the case, no gioaler approach to accimicy can bo made tlian that 
which the divisions command, foi as fai as the fixed stais aie conccincd, each of ihcni fbr 
ages will be read off upon the same lines, and afloi the astronomoi has mnlUiilied his obsoiv* 
ations to a ceitain extent, ho will, as fai as those atais aie concerned, have golleii out of Ins 
instrument all that is m it this is whal might be said of every othci insUmnont, excepting 
the lepeating cnclo. But the mural has within itself a contuvanco foi appioaching the Until 
much more nearly, than can be attained by the most acciiialo giadualion, Tins is biought 
about by giving the telescope a motion concentric with that of the cncle, and himly clamping 
the foimei to any part of the limb of the lattei. the miinbei of changes, when six micioscopcs 
aie read, is 720, and when the telescope is attached to any of these points, tho eflbct, as far as 
giaduation goes, is like that of a new instimnent. Foi some yeais aflci the muial ciiclc was 
erected, Ml. Pond made the change fioquontly; the stations at which he fixed the telescope 
njade it point to the pole at 0°, 10°, 20°, and 30°on the limb, as shown by the zoio micioscopo. 
He has, however, foi many years used the instiumcnt witliout tins change, finding fioin expe¬ 
rience that, when six microscopes are lead, tho oiiois of division become almost insensible. 

S, In constructing this instrument the inakei arianged all the pails, as he conceived, best 
suited to the polai zeio, eveiy thing was made subservient to that endj the hoiizonlal zero 
with all its advantages indeed fully possessed Ins mind, but, like every other person at that 
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timCi he deemed the opciaiion by leflccUon a Itoublesome mode of observing; and gieat piaise 
IS due to Ml Pond foi conlimng a leficcting appaiatus, by which the difficulty of that mode 
of obscivatiou is ncaily obviated and it is woithy of lomaik, that "whaievei is favoiiiable to 
one of the naUiuil >5Ciocs must be equally favouiable to the other* All astionomical cuclcs^ 
vvhcthci they leveisc on a voiticul 01 hoiuonlal axis, may be used to advantage by employing 
the two natiual/eiocs, although then consUucUon is not well adapted theielo, the aitificial 
zcioes of the plumb-line, and of the spiiiUcvcl, arc what belong to them* In old obseivatones 
of the most complete kind, such as Giccnwich was, and Oxfoul is, tlieie is one quadiant for 
the south moiuhau, and another (oi the noith; these become united into one instrument by 
the intci volition of a /cnilh sector, and may use the polai /eio, but cei tainly uudoi obvious dis* 
advantage, because of the* gicat numbei of leadings icqimed to effect the purpose, "tho hou- 
zontal zcio cannot be employed. Thcio is m the King’s Obseivatory at Kew a quadiaiit, 01 
lathoi miual aic, of six feet ladiiis, winch scorns pcculiaily adapted to the use of the polai zeio, 
The aic IS continued beyond the isenitli, towauls the south, by some degiecs moic than the co- 
Utiludo of the place; and ihcicforc Polaus may be obscivcd by it both above and below the 
polo* But such IS the slow piogiess of both ait and science, that neither themakei of the in'* 
strument (Sisson, Jun,), noi the astiouomois who have used it, seem to have had any idea of the 
polai zero; foi, as wo uudcistaud, the position of the aic has always been asceitained by the 
plumb Jnic, and the collimaiion of the telescope found by the zemlli scctoi. 

6. Thcie has been at the Royal Obseivatoiy, foi scvcial yeais, another muial cuclc of the 
same dimensions as the founcr one, and neaily a copy of it; this was constructed by Mi. Tho¬ 
mas Jones. The two cucles aic placed in tlie obseivatoiy with then a\os in a light lino, 
wheic, with tlicu faces opposed to each othei, at about seven feet distance, they seem to legaid 
each otlioi as antagonists; yet i“ theic the same couliahty between them, as theic has subsisted 
between then lospectivo makeis foi many years II was said above, that the miual cuclc of 
Troughton dcmonsiiaiod its own coiiectnoss, by giving the same icsults whichever of the two 
naliual zcioes was had lecoiusc to: as much may be said in favour of Jones’s, fot they both 
give the same icsuUs, fiom one hoiizou to the othoi; that is, within a leasonable allowance foi 
inequality of division, and the unavoidable effect of paitial tcmperatuie* The two cucics, 
Troughton and Jonls, so called in Uie columns ol the Giecnwich obsoivalions, may be used 
eithci sepalately, 01 as one instiument; foi, m the lattci case, an obseivalion may be made 
with T by leflection, and anothei with J. at the same instant, by dnect vision, on the same 
fltai The two telescopes arc thus allcinatcly pointed to the duect and leflccted object, and 
bung out the tiue houzontal zcio, independently of refiacUon, even by the lowest stais^ the 
cuclc J. may be considoicd as T, icvcisodon eithci a veitical or hoU 2 fontal axis, and an index 
euor appli6able to all tlic leadings of each circle is deiiyed fiom the obseivatiotis, as will be ex¬ 
plained hcioaftoi, 

7* The miual elide and its invcnloi have been severely censiued because it did not poi- 

foim well as a tuinsit instrument. The authoi of this woik has m lus possession a copy of Mr. 

Tioughton’s tluec commumcations to the coramitlee of the Royal Society, in which thcie is not 

a woul said about the cuclo’s use for this pinposo. m fact, the instiument was in gieat forwaid- 

ness bcfoie such a lequisito was thought of. Di. Maskelyne fiist suggested the idea, he being 

then giown feeble fiom ago, so as seldom to go into the obseivatoiy, and Mi. Tioughton, con- 

3rS 
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sidenug how desnable il would be, could both the N. P D. and iR bo obsci ved by the same in> 
stniment (thoie being at the loyal obseivatoiy at that tune but one assistant), at the astionomcr* 
loyal’s leqiiost pioinised to use his best endeavouis to make the ciiclc pcifoim as a tiansit in¬ 
stalment, and7ft wucs and othei contuvances wcie added, but if, in tilth lespect, the instal¬ 
ment had ever ,i fan tual, they weic added in vain 

8. Descnptmi —The pancipal figuic of Plate XX lopicsenls, on a scale of about one 
eighteenth of the leal thincnsions, the fiont oi caslein face of the wall, with the ciicle and the 
• greatest pait of the appaiatus attached to it The wall is in bieadth fioni noilh to south seven 
feet, foiii feet in thickness fiom west to cast, and ten feet high it is foimcd of font stones 
laid one upon aiiothoi The thud stone has in its undci side a scmi-cylindiical gioove cut in 
its middle fiom west to casl of six inches ladius. The uppci side of the second stone, being 
woiked smooth and level foiins the diamctci of this semi ciiculai a,rck~hole, and supports the 
a\is-woik of the ciiclc, at about five feet above the floor the leal ccntie of the instauncnt, 
howcvoi, IS about five inches highoi. The imclcus of the Gicenwich cuclo is an octagon of 
eight inches diamctei at the coincis, its depth is tliieo inches, and aciiculai poifoialion of six 
inches and a half is made tluough its whole depth. The outwaid faces of the octagon, which 
aic each thicc inches squaio, snppoit eight of the ciiclc’s conical iiidii, to whicli they aic 
scicwcd and bloady-jnnncd. The othci eight latln aie fitted in closely, each one between livo 
of the foiinci, by filing them on opposite sides, till then lower ends come down anti fit upon the 
coincis of the octagon. The eight fiist-mentioncd cones aio solid, foi half an inch at the faces 
of the octagon, and slicnglhciicd within as fni as wheie they sepaiatc 5 the othoi eight an* 
solid abovo the point of sepaiation, and slicngthencd tliice inches npwaids, each of the 
founoi IS fastened to the octagon by two sciews, the heads of which aio concealed within it, 
and each of the latlci by one veiy stiong screw, long enough to roach the .solid piui of the 
cone, so as to bnng it 111 close contact with the sticngthcued sides of the adjoining cones, and 
also with the contiguous coinor of the octagon. In foi mei cqnsUuctions of the cuclo, the nu¬ 
cleus was a polygon of as many sides as thcie wcie ladii in this thcic aic sixteen j and, look¬ 
ing with a mechanical eye at the figiue, perhaps no one will think that Ihcio aio too many, but 
if so, It becomes a mattei of some difficulty, how to snppoit the oeniro-woik between the axis luul 
a polygon lequiiing to bo sixteen inches in diamotei. 7 'o support it, however, may not bo im¬ 
possible, though poihaps hithcito not done, but at any late, it would exhibit an awkwardness 
disagreeable to the eye. 

9 The limb of this ciicle consists of two iings, the inteuoi one having its plane paiallel, 
and the exteuoi one pci pcndicuiai to the jilanc of the ciicle, so that when united then section 
will be jepiesented by theleltci T. The inteiioi,oi flat img, has the appearance of passing 
tluough clefts 111 the middle of the upper ends of the sixteen ladu the tones aie'made solid, 
foi about four inches at their upper ends, a'pait of which is cut away in each foi leceiving the 
flat ling, to give the Utter a central position, and the solid part of the foimoi, whicli was cut 
away, being 1 educed to the substance of the pail lemaining, these parts aic then united by 
screws which fasten the circle between them. The peipendiculai nng is fitted close upon the 
exterior edge of the olhei, being also in firm contact with the ends of the conical ladij, to 
which it 18 sciewed, as well as to the othci iing. Theio is a ciicle of biacing bars, which being 
inteiposed bind the cones togelhei, at half the distance fiom the double ling to the centre. 
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Tho ciicnlar apcitmc of the octagon is shut up by plates both befoie and behind, which plates 
aic iastened to the octagon by sliong steel scicws, the posteuoi plate has a kige cuciilai hole, 
and tho antciioi a smallci one, these cncuhu openings aie woikcd with the gieatest caie, 
for into them tlic axis of motion is fitted, and, by means of sciews, the latlci is made one with 
the octagon and cucle* The axis is a cone of biass, neaily seven inches in diametei in fiont, 
but behind only about half as much, and neaily foui feet long This axis voiks in a socket, 
which at each end leceives it, and in which it fits with the gieatest possible exactness the two 
paits which fit the axis, aic soldoied into astiong biass tube, of giealci dimensions than the 
tube ol the axis, but neaily of the same shape. On the tube of the sockets, in fiont, is soldeied 
a very siiong poifoiatcd plate, oi upiight beaiuig piece, at light angles to the axis} which 
neaily (ills the scnii-cyhndiical apcituic m the wall, and at tho lemoic end is soldeied a shoit 
cylindei, tho use of which will be shown below it is theic that the adjustments foi placing the 
cucle in the moudian, and loi levclluig tho axis, aie pciloimed. Upon the hoii7ontal suiface 
o( the second is tone, which founs the dmmoiot o( tlio poiibiaiion thiough the wall, aie fastened 
two stiong hou/ontalplates, one before, and the olhci behind, the beaung piece of the socket 
in iiont only lests upon its plate, but behind the beaung cock and plate aic scicwed to each 
olbei. jn front the plate and beaung piece aic connected by a conical piece of haidoncd stcol, 
which 18 fixed undei the middle of this piece, and fits nicely into a hole m the plate, but so as 
to 1 evolve. At Ilub ond of the axis these ])aits do not come quite in contact, foi thcic aie 
fixed undei the healing piece at each cxliemity, about ten inches apart, two shoit piops, like 
buttons, of luudencd sleol, tlio sjihciical snifaccs of which icst upon planes of haulened stool 
fixed ill the plate. Tho ccnlial conical piece provenis the cucle fiom sliding sideways liom Us 
place on tho wall, wlien angulai motion is given lound tins conical piece to bung the instru- 
menl into the plane of Iho incudian. The pints last dcbcubcd, being made of haulened steel, 
weiQ intended to icduce the fucUon, in oulei that they might the moie piomplly pioduce tho 
action of tho udjustmoni* It was said above, that a shoit cylindoi was soldeied on tho lemote 
end of the cone of the sockets; this passes into a pcifoiatiou m the cook behind, which pet- 
fouition IS ofgioatci diamotci than that of tho cylmdeu Two strong fine-threaded sciows, at 
ught angles to each othci, woik in the cock, one veitically, to elevate or depress the axis in 
levelling, tho othci hoiuontally for mciidiaiml adjustment the two scicws only pi css with 
theii' points against the sides of the shoit cyhndci, but opposite to them aie the ends of two small 
cyhndeis, standing in the same line, which, being uiged foiwaids by stiong spiral spimgs, foice 
tho short cyUndcis into contact with the sciews; thus, when citliei of the scicws advances, the 
opposite cylinder rctucs, and when the foimer letucs the latter advances* 

10^ Tho telescope is shown in (ig 1, olcvalod above tho south hoiizon about 34*^* its fo¬ 
cal distance is six feet two inches, winch is exactly equal to the exteuoi diameter of tho cucle, 
the apertui e IS foul inches, and its common magnifying power about 150. The telescope is 
attached to the cuclc at the centie by a steel axis, which passes thiough the proper axis of mo¬ 
tion fiom end to end, and was indeed the aibor on which the axis was turned: the motion of 
the telescope tound its own axis is, thcrofoie, peifectly concentuc with that of the cucle. The 
weight of the telescope is suppoiied upon its own axis, and Ibr the purpose of fixing it in any 
position lespecting the cucle, there aio two clamps, one at each end, which bite the exterior 
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hoidex of the circle, and unite them diiiing a scues of obsei vations, as bcfoio inentionccT, Tlie 
clamps aie seen m both figiues* t 

11 The graduation of this instiiiment is made on tlic bioad suiface of tho cxleuor iing, 
winch we have said is a plane at light angles to that of the cncle, and thcicfoio tho loading 
inicioscopes have then diiection paiallel to tlielattei plane From the plane .suiface of the se¬ 
cond stone, upon which the uistmmcnt lests, to the cential point of the a\is is a space of about si\ 
inches of hiass this, fiom its altciation with change of tcmpeialme, will cause tho circlo to im 
and fall as it legaids the microscopes, which aie fixed to the wall, but to pi event tlie cnois oc¬ 
casioned by this expansion, the micioscopes aic so fixed on plates, as to compensate it the two 
upper plates aie wiongly lepiesented in fig, 1, the diaftsman (pcihaps loi the sake of urn- 
foimity) having placed them to act m the contiaiy diicction, The divisions aio made upon a 
nauownng of white metal, composed of foui paits of gold, to one of palladumi, and tlic 
figuies which count the degiees aie cngiavcd upon a similai ring of platuia noithei of those 
metals taimsh m the least degiee, which piopcity lenders ficqucnt cleaning of tho siufaco 
(which in time weais out fine divisions) quite iinnccessaiy. These divisions luo by lines, not 
dots, and suited to acutely-ciossing wiievS in the leading micioscopes the dcgicos aio cut into 
twelve pait^, oi 5 spaces, and aic numbcicd iioin the polo southwaui to the same pole again, 
VIZ* fiom 0° to 360°. The 5* spaces aie sub-dividcd by the micio&copcs lo single &ccoik1s, and 
a division lepiesenting this quantity on tho iruciomctci-hcad, may easily bo OHtnnated to the 
tenth of a second, Tlieic aic six leading micioscopes, winch, when they me all load, cause 
much laboiii and loss of tune, on which account the two hoiizontal ones only mo oltou used j but 
three are much better than twoj and iii this case but one of the lioiizontal ones should be used. 
Ifni employing combinations of lluec, in making a senes of observations, the oUici tiuoe wore 
alteinately used on the same stai, half the tioublc of leading would bo saved, the same index 
cuoi obtained, and the eiiois of division, and of paiiial expansion, ieduced voiy nearly as 
much, as if the six micioscopes had been constantly lead 

10 Inoiclei that the cucle should move lound easily on its axis, there is an ajipaiatus foi 

coilntcipoising it, or foi lifting the whole weight, without winch the load would pi css altogclhoi 

outhelowei side of the fjout socket. This i? biouglit about by means of two large loltcis, 

shown below the axis m fig. 1 the lolleis, fixed m a double fiame, act upon the edge of the 

centie flanch, neaily in contact with the ladial cones. Two peipendiculai bins of steel, at about 

the height of the centie, aio connected by hook and eye with the fiamo of the rollcis, and these 

bais, in a similai mannci, aio suspended by two beams, each icscmbliug a common balance, 

at the top of the wall. Ihe pait which appeals in fiont is well enough lepioscntod in fig. 1, 

and one of the beams, its fulcrum, and countei poising weight arc shown in dotted oulbuo neiu 

the top of the wall in fig. 0, Now these paits of this appaialu^, being all pendent and pUmit, 

pi educe a simple lift without the least tendency to influence the due motion of tho circlets axis 
lU apy direction. 

J8. Theie is another flat cucular ling, somewhat largei m diametei than the giaduatcd 

one* ^]}xph has its position nearly in contact with the wall, to which it is fastened al scvci al 
places on tins ung the clamp and screw foi slow motion slide, and may be clampod to it m 
any part of the whole xmg, at the other cud of the moving sciew, is a clatnp which bites tho 
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cii'cle, and both clamps being set the scicw gives motion to the ciicle, the clamp of the fixed 
ling acting as a fulcium. By tins contiivancc, the obseivoi has it m his powei*, to place the 
slowly moving appaiatus cithei above oi below the telescope, and at any distance fiom Ihe eye¬ 
piece that he may find convenient The iing at the back of the cnclc is divided roughly, so 
as to show polai distances, and an index to this giadnation was fixed to the telescope, foi the 
purpose of pointing the latter to a stai, whatevei its position might bciespccting the proper 
cii clc. but as all the changes of the telescope have been tliiougli aics of 10 ® nearly, it was easy 
to apply this, without compulation, as an index ciioi to tho divisions of the wide, the giadii- 
aUon of the fixed ung has, thcicfoie, novel been used, 

14', The pliimb-hnc of the miual cnclc is foi the pm pose of adjusting the axis tiuly hoii- 
zontal it is shown m fig. % but would have been much bollci exhilnied, had the telescope 
been lepicscntcd in a pcipendiciilai position. The appaiatus, lioin which the plummet is sus¬ 
pended, applies by dovetail fittings occasionally to the wall near the lop, clucclly ovci the 
centic, as seen iti fig. 1 , nclwcen llie suspending lods, and tho appaiatus itself is seen in fig. 2 . 
Ill the foimci figiuc, at a small distance /lom each end ol the telchcopo, fixed micioseopcs aio 
represented, atlaclicd to its tube, foi viewing the plumb line} those aio nearly similar to others 
that have been before dcsciibcd, as used foi sinulai purposes. The microscopes have Ihcir axes 
paiallcl to the plane of the ciicle, and in tho middle of llioir length have their tnbes cut away 
beyond the coiitic, to allow the plumh-hnc to pass tluough tho axes of vision witliout touching 
any thing. the appaiatus has a pinion motion at the ccntie of suspension, by which the plumb- 
line IS biought forwards, so that it may not be injincd while the cnclc and telescope aie rc- 
vciscd foi adjustment. The plummet has its situation scveuil inches below the cnclc, wheie il 
8 w mgs m a watci-vessel, that stands on a lupod, placed upon the llooi. 

15. The wues of the telescope aic illuminated by a diagonal icfleeling plate, fixed in the 
middle of the lube, which leccives the light thiough a ciiculai apciliue scon in fig, 1 , exactly 
ill aline with the ccntio of the cnclc. A lantern at foip or live feet distance, placed in the line 
of tho axis, thiows light on the field of view, equal to tho biightncss of day-light, which bught- 
ness may be icgulated and modified by coloiuod glasses, that apply to the apeituic of the tube, 
petiiaps, those of a giccn oi blue colour pioducc the most pleasing giound, that a stat and the 
xvucs can be scon upon. 

16 . It has alicady been said that the zenith miciomctcr, applied to the back of the wall, has 
novel been used at Greenwich j but as it was a new insU'umont, at the tunc it was made, and 


as it foims a piominent Icaluic m fig. % it seems to desoivo a description. The tube is ten 
feet m length, and five inches in diameter, and is a i cflecting telescope of the Newtonian kind. 
it has, fioin end to end, half its diamctoi let into the wall, as shown in thefignic. The tube of 
the telescope itself forms the vcilical axis, on which the i eversion la made, foi measuring ze¬ 
nith distances wiih the miciomcloi, both to the oast and west t at the lower end it turns on a 


hollow pivot, which woiks m a socket fastened to the wall 5 at the uppei end, the tube is cm- 
biaced by a collai, worked ciiculai with tho greatest caie 5 which collar bcais against an angle 


made in a 


strong plate, connected with the wall, and is jnessed by two springs, into close conn 


tact with the angle. There ate thioc spiing toilers affixed to the tube, which loll on a horizon¬ 
tal circular plate at the top, these lohevc the pivot below from a great pait of the weight, and 


assure an easy and steady motion. The huge speculum at the lower end is fixed in the tube so 
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as to form a small angle with the axis, in the mannoi that Sii W, Ilcischcl coiisti ucf ocl his laiecr 
telescopes this mode was adopted in oidei to place the small miiioi about halfway between 
the axis of the tube and the waes of the iniciomctei, the plumb-lmc occupies the axis of the 
tube, and when evciy thing is adjusted, the instiumeut may be lovciscd, oi tinned half lound, 
without giving sensible motion to the plumb-line, winch expedient pievonts llie loss of tune 
that an excentiic plumb-hne lequues in coming to lost. The huge miiioi is peifoiatod tlnough 
its centie, foi the plumb-line to pass tlnough, foi the pluminot and watoi-jiol have tlien sta¬ 
tion much below TJie lower end of the plumb line is viewed as bisecting llio luminous discs 
of two micioscopes, placed at light angles to each otbci, at tlio uppei ciul it is susjioudcd by 
ail appaiatus, in which theie aie adjustments for making it ccntiiil, and winch do not intciccpt 
many of the incident lays. The parallel lays fiom a stai, lalhng upon the huge imuoi, aio le- 
tinned in a conveigmg state upon the small one, by winch they aio linned'into a lioiiroiilnl 
diiection, and come to a focus in the field of view of a pauillel lino nucioniotoi, wiioic the imago 
IS seen by an eye-glass magnifying about 100 tunes It is evident tliat the laugo ol ob.sciva- 
tion in tins instiuincnt is confined within the field ol view, which is not inoie than lf>' on each 
side of the zenith , yet tins is amply sufficient foi tlic puiposc it was inloiulod foi. 

17 . Adju^tinenlSi~—Xo londei the axis hoiizontal, place the telescope poipondiculai by os* 
tiniatioii, the anteiioi plumb-hne being in its place , by the pinion motion at tlio lop bung llio 
plumb-hnc upon the luminous disc of the uppci micioscope, and by tin mug llio ciiclu loiind a 
little, piocuic distinct vision of the lino and disc, and then bisect the lattci toucctly by tho 
foiinei. if the disc of the lowoi micioscope is not now bisected by the plumb-lmc, it imtal be 
made so, by tinning lound the cell, in which it is cxccntucally set, within the lube. Tlio 
ciicle must next be tinned half lound, which 13 best done by its own divisions and by one 
of its micioscopes, when the opposite cud of the telescope will be iippeimost now, by the 
pmioUj bisect the disc as hefoie, when, if the lowci disc is also bisected, Ihe axis will bo level} 
but if not, one thud of the appaient eiioi is the leal orioi belonging lo llio position of the axis, 
the othei two thuds being divided between the micioscopes and ciicle on levcision tins third 
pait of the appaient quantity must Iheiefoie be collected by csLunalion, by the piopoi sciew at 
the lemote end of the axis when the qimnlity ol ciioi is found gioal, this pioccss sliould be 
lepeated. The adjustment foi colhmatioii, 01 for making tho axis of vision paiallol to tho plane 
of the circle, is effected as usual by two opposite screws, that act on the wiio pIiiLo Whcie 
there 13 a good tiansit msUument, as at Greenwich, the easiest way of adjusting tho axis is, to 
make a zenith stai pass the meiidian at the same instant that tho sUn uunsits tlie rauUllo wiie. 
In like mannei, the ciicle may be adjusted to tho raciidian by compaiisou witli a Hansiti in 
this case a stai neai the hoiizon, eitliei to tho noith 01 south, must be chosen; and Us passage 
ovei the wiie made to coincide, in time, with that over' the adjusted Ucinsit-uLstuunent, by 
means of the screw at the 1 emote end of the axis, which gives to the hilloi ho 11 zout. 1 l motion. 

his, mstiument is howevei complete m iteelf and the astionomci, without tho assistance of a 
transit, will find little difficulty in peifoimmg the two last-mentioned adjustments. Iioin ob¬ 
servations of thiec stais of known right ascension, but diffeung in declination, he will have suf¬ 
ficient data for separating and collecting the eiiois that may belong to each, .is wo have before 
exp amed (§ LVIII. 4.). The colhmation of the mstiument, as it icspccts polai distance, is 
per oimed by setting the reading micioscopes to show the appaient place of a know’n star (Po* 
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Ians the best, because of its slow motion) and tlien by moving the telescope independently, 
of the ciicle, by means of the pails alicady dcsciibod, until tlic middle houmital wue bisects 
the slait In this matinci the adjustment may be made concct to witbm a few seconds, wlucln 
iS neai enough, foi it will cvci be nccessaiy to employ some mrto orou Thcie is an adjust¬ 
ment in each of the leading inicioscopcs [§ XLVIIL^ by which the icmainmg cvioi miglit bo 
bioughi to /CIO , but \vhich has been exclusively used foi selling those micioscopes at exactly 
60^ distance fiom each othci Neiihei is the hittci adjustment icquiiod to bepeifcct, foi^ 
any small discoulance in the places of the micioscopcs, will mcigc in the mean of the leadings ^ 
and, commingled with the foimci, will pioducc a simple index erioi The muuoscope placed 
at the noith cud of the hoiii^ontal diamctcL is called and the one opposite to it /I; the two 
supeuoi ones aie denominated 0 and D, and the two infeuoi ones JO and F, so that if iluce 
only weie lead, they must be those that foim nn ecpulatcuil tiianglc, w/. A C ZO, oi J? JD Fy 
and when these aic lead aUcaiaicly, m any seues of ohsorvationb, iho index cuor will be ob¬ 
tained as well as if all the six weie icad at each obsei vaiioiu It is convenient to make out a hst 
of slais that aie inlended to be obseived in any senes of obscivalions, and lo tabulate the de¬ 
grees and minutes that will bo icad by inicioscopc A on the cucle loi each atai, when it passes 
the meudian, accouhngly as it is intended to be observed by diiect vision oi by icfleciion, to fa¬ 
cilitate the selling of the telescope to tho piopoi altitude oi dcpiession, for finding the stai, oi 
Its image. In othei icsjiects the obsomition of a slai is made dining its bisection by the middle 
hoii/ontal wnes, as in other ciiclcs. 

18. In this account of the mechanical constiaction and adjustments of tho Giconwich mu- 
tal ciiclo, we have ontcicd into detail more minutely tliau wc should have done, paitly because 
this magnificent uibluimcnl has ncvoi been befoic dcvsciibed, (though an engraved leprcsonta- 
tion lias been given in some of the volumes of tho Gioenwich obscivalions,) and piutly because 
we have heen favouied by the uivcntoi hunscir with the paiticulais, that consUtuio the pioccding 
paitof this section, wdiich wc have given cluofly m his own language! Foi the fiiat twelve 
ycais, fiom 1812 to 1824, tho polai ])Oint was rogulaily doteimined by a cncumpolai stai, as 
the 7010 of angular measuicmont, and the dilfeieneos of the incaijured distances of iho various 
staishorn such point, constituted so many micrccptcd arcs, which wcie at fust mcasuiedon 
diffcienl pails of the ciiclc, mid compelled with each othei \ fiom winch comparisons it appemed 
that the cucleWMS in all loapccts as complete as ait could make it. Since Fcbuiaiy L82Ji, when 
the second cuclo by Thomas Jones had been finibhed and adjusted, the recipiocal method of ob- 
Berviug by a combination of the two ciiclos has been chiefly pi act lacd, whcie one instuunenl hafc 
been used by ducct vision, and the othci by means of leflcclion , and as this incthod is new, wc 
pioposo to give an explanation of it supplied by the pieseni Aslionomei-ioyah A muial cucle,*’ 
says Ml Pond, is meicly a chffemilml tnstmmniy it can measnic nothing but the angular dis 
tanco between two given points • by an extension of this piinciplc the angular distance be 
tween an object and its leilected image may be obtained. But to apply this principle to astro 
nomical pui poses, wc must suppose the insUumcnt to letnam pcifectly m the same slate, witl 
respect to its suuounding micioscopeSj fin at least twentj^-foui horns, and in most cases for i 
much longci pcnoch Moieovei, the ficcjueut occuirence of windy or cloudy weather so limit 
the employment of this method, that foi many impoUanl investigations a sufficient number c 
obsei vations can seldom be obtained within the year j both those objections cannot fail tp b 
you n. 8 Q 
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gieatly diininishecl by the intioduction of the new cucle, and pcihaps the advantage m the lat- 
tei case will be found to be even inoie impoitant than in the fiist. When a stai has been ob- 
SBivcd dnectly with one instiiiment, and its leflected image with the othcl, the ichvtive state of 
each cucle with respect to its micioscopes being quite unknown, it is evident that sufficient 
data for deducing the altitude ai o not supplied by this double obsei vation It becomes abso¬ 
lutely necessary at the same tune to investigate the lelalive position of one cucle with lospecl 
to the other now this can only be done by obseiving a niiinbei of stais on vauous points of 
the meiidian with both ciicles m a sunilai position, and inpiopoitionas then iclativodifibronces 
aie well deteimined, so will the rcquiied altitudes be coiiectly deduced. The altitude of a 
stai thus found gives the hoiizontal point iii each cucle, and thus an index eiioi may be ob¬ 
tained for each of them by a piocess purely mechanical, without'the aid of any astionomical 
consideration whatever. By means of a niimbci of hoiizontal points dcteiiniucd in tins mannoi 
by stais at vauous altitudes, the index crroi of each cucle may be asccilamed to any icquiicd 
degtee of accuracy. To deiive, tlieiefoic, the giealest possible advantage fiom this combina¬ 
tion of the two ciiclcs, it is neccssaiy to institute two distinct sciies of obsei valions, each equally 
essential foi the collection of the other The stais, which aic obseivcd in the same maniiei 
with each instillment, give diflbiences, fiom which the altitudes of those stais aie deduced, 
which have been obseivediecipiocaily, and the stais, which have been obseivcd iccipiocally, 
give hoiizontal points, by means of winch the apparent places of those stais may be dotcimined, 
which have been obseivcd foi the pin pose of obliuniiig dilfeicnccs.” 

19 . The astionomci-royal has given an example, in the end of that luimbei of the Gurum- 
wicii Astronomicai, OnsrnvATioNS, which was published loi the months of Apiil, May, and 
June of the yeai 18^5, by which the index errois and hoiizontal points of the two miual circles 
axe deduced from one day’s observations, and the noith polai distances computed; but as llio 
sheet, containing the woik, is too laige to bo compiised conveniently in oiu volume, even as a 
folding sheet, and as it explains only two of the methods of coming at liio icsulls, we ptopose 
to introduce shoi Ici examples of tin eo dilfeient methods, picsummg that all piactical astiono- 
incis have access to tlio sheet icfeired to, in which the numerous columns aic spiead over a wide 
surface. We will give, foi a specimen of a clay’s woik, the mode of legisteuiig the obsei vations 
made by each sepaiate instrument on July 3, 1820, as given in the Gieenwich obscivations, 
except that we shall place one soiies nuclei the othci in the same page, instead of side by side on 
opposite pages, as in Ihc oilginal, and shall transpose the two final columns, in the page Jones, 
to the position denoted by the second and thud columns, headed “DifFeicnco of Jones fioni 
Tioiighton ”, that the principal columns may langc uiidci then lospoctivo titles. The figures 
2 and 6, standing ovei these two columns, imply the mean of two, and oL six micioscopcs, fiom 
which the cliffeiences weie computed, it being unnecessary to repeat the state of the baiometei 
and Ihermometeis already given in the page Trougiiton, foi the same obsei vations. 
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gO^ An tUusliation of the differ ent methods ofoUamng the Indew Error *—Thcfiisi method 
of ascertaining the index euoi which we shall explain, is by means of stais obseived above and’ 
below the pole, which, theoictically spealang, is the most obvious that piesents itself to us, 
when we considei that the muial cncle is constiucted to measuie angulai distances m the plane 
of the meiidian only, that the degiees of the ciicle aie numbeied fiom 0° to and that, 

when the telescope which is clamped to the ciicle, and consequently theciicle also, aic duect- 
ed to the pole, one of the microscopes, designated by is adjusted to icad off O'* oi 360'*, plus 
01 minus the index ciioi, which for convenience is now geneially voiy small. The obsoivations 
foi this piupose aic sepaiatcd by an intcival of twelve boms, and not nilfiequcntly of several 
days, 111 consequence of unfavoiuable weather. We will confine oiu examples, in the fiist 
place, to deteimine the index cnoi of Tioughton’s cucle, fiom obseivations taken on the Sul 
and 4th of July, 182G, some of which will bo foiHid m the day^s woik lecoidcd m our last 
page, and the lest aie cxtiacted fiom the Giccnwich obseivations of the following day, aftci 
which we will show how the same may bo obtained for eithei of two ciiclos used in conjunc¬ 
tion, as now piaclised at the Iloyal Obscivatoiy , and also how a stains altitude may bo detei- 
mined, by means of the houaontal points asceitainod by the lespcctive insLiumcnls 


CIRCUBIPOLAR METHOD 
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With lespDct to the pieceding example, it is almost unnecessaiy to add any further explanation, 
than what is given at the top of each column, only, that the lofiactions aic computed fiom Di, 
Biadley^s tables, given m the first volume of this woik, making use of the baiometci, and mteuoi 
theunomctei, annexed to the observations. Also, the collections m the fifth column aic com¬ 
puted fiom the tables given for that pin pose in the same volume, the signs of the equations 
being changed, m oidei to reduce the appaient place of the sfcai to its mean place at the begin¬ 
ning of the year* The sign piefixed to the lesulling index eiroi, shows the erioi of the mstiu- 
ment; but when used for coirecUng the obseivations, it must be changed. 

git The second method of detcimimng the index erioi, which wc shall notice, is that by 
means of a catalogue, and for tins purpose we shall make use of the obseivations of those- 
stais of Mr, PoiuVs Standaid Catalogue, winch were made on the two days chosen in out fiist 
example. 
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METHOD BY A GOOD CATALOGUE 
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This method of deducing the index ciioi is exUemely convenient as well tis coucct ^ especially 
as the Gieemvich catalogue is now dcteimined hy successive approximations to a gieat degree 
of acciUticy it aflbids the most powciful moans of determining the index enoi of an instru¬ 
ment, by tending to exteunumte evoiy souice of oiroi ansing oithci irom paituvl expansion, or 
fiom defects of division, as well us those of bisection and reading, which piopeity very es¬ 
sential m dctcinnning the absolute polai distance of a celestial object, and mo]e paitioulaily 
when tho stais, chosen foi tins pin pose, have not voiy low altiliulcs, so as to be affected by the 
variability of lofiactiom The seconds in the eighth column, employed for obtaining the in¬ 
dex eiror, exhibited in the last, aie taken fiom the catalogue in page 4, at thfe end of the fiist 

quaitei of the Giecnwich observations for 1820, 

22 . The thud, and last method, which we shall exhibit foi finding the index cnor of a 
mural circle, is by means of observations made by direct vision of a stai in the usual way, and 
also of its rcfl^ectcd image, fiom a trough of mcicuiy, or oil, supposing the latitude of flie place 
of obseivation luiown but before wc give an example of this method, we shall point out tho 
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iiecGSsaiy 1 nles foi duecting the instiunieiit in obseiving the leflectcd image of a stai, siip- 
po'snigits polai distance known noaily, and also foi detcimining the altitude of the star when 
it has been obscived in both positions with the instiumcnt, and lieic it may be observed that, 
supposing thcio lb but one insliuinciit, twenty-fom hours must elapse, and sometimes scveial 
days, owing to very windy oi cloudy weathei, befoic we can obtain sufficient data foi our piii- 
posc, eixceptin the case of the pole stai, which ccitainly may be obseivcd both ways, whilst 
passing the field of the telescope of the instuimcnl, the piopei i eduction being made when ob- 
seived off the inoiidian. If wo put A foi the polai distance of a stai, A' that shown by the hi- 
stiument, y/its altitude mcasuicd fiom the south hoiizon'in all cases, L the latitude of the 
place, H its supplement, and W the supplement shown by the instiumcnt, oi what at Giecn- 
wich IS called the Jioi mntalpoint, the diffeicnce between H and H' will be the index eiioi. By 
thepiinciplcs of catoptiics, the image of the stai is as much depiessed below the hoiizon of the 
leflecting suiface, as the slai is elevated above It is evident then, that, in oidci to obseivo by 
leflection, the iiistiumcnt must bo moved tlnough an angle =:Q A-\ A , call this R, Now 
J + A+I,=;180'’, andgyl+ 2 A |-gZ = 3G0“, thcicfore 2 A l-A, oi ii=SCO‘’--Q L — A ; 
which gives a gcneial iiilc foi setting the cucio to observe by ieflcctioii. But foi a stai passing 
below the pole, the iiile will be J2=SC0'’—2 jb—(360“—A), oi j!'i’,=SG0" — % A. Tor 
Gieenwich, talangir:51'’ 28' 39", wo have iJ=:3CO'’“102“ 57' 18"~A=957‘’ 9'4>g"—A when 
the star passes above the pole, and ll~Q,5T 2' 4S"-(-A when the stai passes below. Now to 
deteimmc JI' and A, the obscivations must fiiinibh us with A', and A H-A'. It is evi¬ 
dent that //'= A + A'. Now ii' + A' = 3 J + 2 A' = 2 I/'; ihciefore 11'~ ^ ^ and A = 

consequently the altitude is obtained independently of the index eiroi. The follow¬ 
ing example will sufficiently illnstiate these lules. The eighth column is licic copied liom tho 
seventh, in the example by the second method. 

METHOD BY REFLECTION AND DIRECT VISION 
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The mean of 11 united observations give the supplement of latitudoj or IP r:: 
The assumed supplement of latitude of Greenwich • m // =:: 

Bifleientc^ or//'—//, the index en or. , .. 
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Tins IS the most iiulepenclent method of deteimining the altitudes of stais by means of oiio 
minal circle, when the woathei continues lavouiable foi some days togotbei , but asthisisveiy 
seldom the case, in this climate at least, the astionomei is often disappointed aftei he has 
boon employed m making a set of obseivations in one position of tlie instuiment, by the in- 
teivcntum of iinfavouiable wcathci, picventing him fiom completing his^seues. Since a se« 
cond mnial caclo has been oicclcd at the Royal Obseivatoiy at Gieenwich, the above objec¬ 
tions aic obviated, by obseiving the leflcctcd image of a star with one instiument, and at the 
vsainc time the star itself with the olhei. Now if the two instiumenls weie identical with 
le&pect to thou index ciiois, the opciation of deleimining the hoiizontal points of the instiu- 
ments, and the altitudes of the alais, would be piccisely the same as given in the last ex¬ 
ample j but as tins cannot be the case, it will be neccssaiy to determine the diffeience between 
the two insUumonts, which is done by obseiving a number of stais m the same position with 
each insUumenl, m the niannei piactiscd at Gieenwich, when this is done, it will be easy to 
dctciinuic the hoiizontal points of each instiument, and the altitudes of all stais obseived by 
icflcction with one nistiiiment, and by diioct vision with the olhei. For if A lepicsent the 
polai distance of a stai shown by one instiumonl. A'that by the othei, and the diffeience 
between A and A', A'hcuignA i-d, alsoIT and jy'thc hoiizontal pointsof each instrument,and 
Jt amt ii' the i odoclod polar distances shown by each insti nment, R' being=+r/, we have fcom 
the piinciplcs aheady given, 


71 


JU A_ze+A' 

2 




J d, and substituting for A its value A'»- rf, 
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V since jB n 7t - f?, 


By a siulUai piocc&s IT 
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a 2 

2 ^ 
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The following example will fully illubliatc this method. It may be well however to obseive, 
that, to dcloimme the appaicnt altitude of the stais, and the hoiizontal points of each instill¬ 
ment, it IS unncccssiuy to collect the obseivations'foi refiaction, precession, ^&c.; sinpe the 
observations as icad off fiom the instalment may be used instead of the reduced obseivations, 
winch will fficatly abndec die piocess of computation, and will pioduce appaient lesults with 
peifect accuiacy. A plate in outline is given, in the nurabei containing the obseivations of 
January, Febiuaiy, ancfMaich, 1826, which exhibits the lelative positions of the two cucles, 
and situation of iheii tionghs containing the meicury, which sketch conveys a good idea of the 
inauncr in which they aie alternately used for icflccted vision. 
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UNION OF THE TWO INSTRUfilENTS 
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It will be seen by a lefeicnce to the Gieenwich obsoivations, fiom which llie data foi these ex¬ 
amples have been taken, that the duoct obseivations in the thud column liaving T. oi J. affixed 
to them, aie intended to show by which instiument these observations wcic made. This dis¬ 
tinction is' neccssaiy to assist the computet in deducing the altitudes in t!ic last column. 


I LXXIII CIRCULAB REPEATING INSTRUMENT BY REICIIENBACII [Pi.ati. XXIl ] 

1, Sio. Carlo Brioschi, in Ins Commntaitcs on thUoyal Obseimlory alNapIeSt (18^4'—18S6) 
has given an account of the diffeient instruments made use of by him, with icfeicnccsto various 
engiavings, which enable us to gam a competent knowledge of then constiuclion Among the 
collechon of instiuments, constituting the appaiatus of that observatoiy, are two similar cii culai 
nlstruments by the late eminent aitist Reichcnbach *, one of which stands ni the eastern and 
the othei in the westein pait of the building. Figuie 1, of oiu Plato XXIL, exhibits the plan 
of one of these lustiuinents, having two veitical ciiclcs, that i evolve one wjthm the other, one 

* Rcicliehbach ie succeeded by Eitcl 
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foiiPing tho giaduntctl liitib, and the otlici being a ciicidai cjuadiuple verniei, sunk into tbs 

same pbme, it also exliibits the veitical axis, telescope, and othci appendages. Figure 2 gives 

a section of the various pails, that could nototheiwisebe so well coinpiebended, by aiefeience 
to tlic fiisl figuio only. 

2 . Tlie vortical axis is composed of a stiong tube of biass sufficiently long to allow the 
axes of the ciide, vciiuors, and telescope to pass acioss it, at a height fiom the floor suitable 
loi tho convenience of an obseivci’s eye, a little above its cen tie, its upper pivot is cylindiical, 
enteiing a box having a liianguUi hole, that is fimnshed with two pan of antagonist sciews, 
and that is made fast to a metallic aichitiave A, biokcn at both ends in figure 1, but which is 
suppoited at tho extiemitios by a pap of vertical pillais, not intioduccd in oui plate, the lowei 
pivof is also cyhndueal, and being blutilcd icsts in a metallic cup mseitcd into a maible slab, 
suppoited by a pdlai of masomy undei the flooi. This slab B is also lepicscnted as broken at 
t!ie ends in both figuies. A sensible level is suspended at light angles acioss tlic axis behind 
the pall exhibited to view, and may occasionally be suspended by along cylindiical lod ex¬ 
tending paiallel to tiie piano of the vcinicr cncle. A section of the level is seen behind the 
axis in fig. 2. 'J'hc diamotci of the giadualcd ciiclc is iipwaids of thiity-ninc inches, viz. equal 
to the Ficnch mctio, and has eiglil radial tapeiing lubes biaccd together, connecting it with a 
stiong conoentiic cylinder, to which its lubulai horizontal axis is made fast; which is also tho 
consliuction of the inner cucio, having four vernleis maiked at equal distances on its four 
quadrautal uics, each leading to 2". Tho giaduated circle, the vcinier circle, and the telescope 
have llicir icspcctivc axes of motion, passing thiough one another in as close contact, at the 
two exticmi1io.s oi’ each, as good fitting can effect; the axis of the telescope being solid, and 
both the others tubular. they arc all kept close home by collets and tapped nuts, so that tho 
two ciiclcs may lovolvo in tho same plane, and also the telescope, which is sciewcd fast to tho 
voiiiiei cucio at the oyo-ond, in a plane parallel to the same. The telescope and vcrniei cucle 
may thorofoio lie considered as having only one common axis. The adaptation of tho diffcient 
pints hcio dcaoiibcd may be understood fiom an inspection of the second figure, wheie tiie 
axes aic lopiesontod by diffcicnt shades in the section. The fixed stiong tube, thiough which 
the ihioc conceutuc axes pass, is adjusted at light angles to the long vortical axis byfoiu 
screws, two above and two below, that pass thiough foui stiong cocks attached to the opposite 
sides of the said axis, as scon in this second flguio. The divisions on the cucle are subdivided 
into spaces of 5', and load in connexion with tho foui vcimers taken successively, by the aid of 
a pail of eye-glasses earned ou a long double level, that levolves lound the telescope's axis, di* 
leoily over the giiiduatious. 

3 . Tho telescope C extends beyond llio circle’s penpheiy, with a smaller tube inserted, 
winch 18 connected witli the sciew of tho clamp having balls pcculiai to this makei’s constiuc- 
lion [§ XIjVI. 4 '.]. Tho smallest tube, oi diawer, that tciinmates the telescope, liblds a box 
containing tho adjustable wiics and eye-piece, and is kept in its place bjf a pan affixing sciews 
cntciiiig the exlciioi end of the smaller fixed tube. At the upper edge of the circle a second 
similai clamp is attached to the fiont of the veitical axis, which m its turn will clamp the gra¬ 
duated ciiclc, whenever the fiist clamp is released, as will bo explained picsenlly, when we 
come to speak of the icpcating piinciple. As tiie telescope is made fast to the vcinier cucle 
only at one end, its tendency to bend towaids tho object-end requiied some contuvnnee for 

von. n. ® 
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pievenling flexuie of the tube; ■winch is accomplished by a long level, turning on a fiilcmiM# 
and enteiing a hole made in a cock fixed to the telescope, neaily at one third of the distance 
fiom the axis, the countcipoise iieai the lemote end of the level being adjusted by Uial, diuing 
the obseivation of a distant hoiizontal maik, 

iu The hoiizontal ciicle foi measuiing azimuths, which is seen in section in both of these 
figures, has a smallei diaraetei than the vcitical cucle in the propoition of J5 100, and leads by 
two opposite vcimeis only, each to the acciuacy of 4". The positions of the leading lenses anil 
of the veinieis aie sufflcicntly seen, and lequne no paiticulai explanation} the subdivisions 
being licic also spaces of 5', 

5, Fiom the dcsciiption which has been given of the conceutnc position of three axca, 
passing one thiough anothei, and being loaded icspectively with the telescope, veinieis, luul 
ginduated cucle, at then pi ejecting ends, oui icadcis may have anticipated, that a cause of 
on 01 may aiisc liom such conccntiic position of these essential paits of the instiument, which 
no oidinaiy caution can guard against, since, supposing the fittings to be peifcct, the elasticity 
of the metallic portions will produce deviations fiom the veitical plane, and eccentiicitics, that 
may vitiate an obseivation. The mechanist was awaic of such objection, and thcicfoie con- 
tiived an appaiatus to obviate it, by means of couuteipoises. Towaids the iippci end of the 
vertical axis a couple of lings suiiound its suiface, and aie kept flora sliding downwards by a 
pail of stiong steel pins with milled heads, scicwcd into the laigo lube, as two pan of fiilcia, 
lound winch the two double Icvcis, D and J'l, if oveiloadcd would tmn, that aio seep in a ho« 
iizonlal position, sustaining each an adjustable load, iieaily at then extreme ends, which me 
made fast by scicws when cijuipoised. The intcrioi ends of the said levcis cauy each a do- 
scending bin terminating with a iing having n pan of rolleis, which cmbiace, as a pan of stii- 
lups, the short cyhndeis attached to the cxtcmal ends of the telescope’s and ciicle’s axes lo- 
bpeclively, and lift the piincipal poilions of thqii weights, without impeding then ciiculai mo¬ 
tions 5 theicby piesci ving the veiUcal cluection of the pianos in which they move and it is for 
this leason, that the object-cud of the telescope could not be made fast to the veiniei circle. 
The vcitical lod of suspension, earned by the siipoiioi level 2), has a img founed in it, oppo¬ 
site the readings of the veinieis, and contains a lens piopei foi lendcimg the stiokes distinctly 
visible. The fulcia of both these levois are bcttei seen in fig. 1, and also the flout descending 
bai that teiminates with a iiiig, oi round stump, cmbiacing the giooved cylmdei} but the bur 
behind the cucle is not theie so well seen. Fig.3. is a repi esenlation of the second level wliiclt 
IS applied to the telescope’s axis occasionally, when turned into a ceitam position} one of tlio 
suspending rods of which is hooked at the uppei end, by the foimation of a icctaugular notch, 
as seen in figuie 4. . 

6. Adjustments,--'T \\q flist adjustment of this instiument is that by which the long vertical 
axis 11 lendcied peipcndicularin all dnections, which IS managed by means of the level that 
applies, at right angles, to the back of the veilical tube foimmg the axis. In doing this our 
leadeis will now undeistand that onedialf of the onor in a given dnection, is coirccted by the 
piopcr pan of screws at the supeiior pivot, and the other half by the adjustment of the level it- 
selfj till'after some tuals it is found, that the instiument will tuin quite lound in azimuth, 
without displacing the an bubble of the level The second adjustment is peiformed by means 
of the second level, which is seen m figures 3 and 4, and which applies to the axis pf the tele* 
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sco);»e tluough an opening in the himoundmg tubukr axis of the veimer ciicle, in that paiti- 
ciiki position that diiccts the telescope to a hoiizonlal mark} for then one of the hooks, seen 
in fig 4, einhidces the left hand end of the axis, thiough the said opening, and the othei hook 
hangs on the end of the axis, that pripects towaids the light hand, as now seen in the figure} 
for the level may ho iiitiodnced to its place, by passing it between the conical radii of the two 
concentiic circles • if the level will not leveise in position, now that the veitical axis is tiuly 
vcitical, the adjusting scicws opposed to each othei in the foui cocks, above and below the ho- 
jizontal axes, will adjust the suuounding tube, against which tliey piess, till the bubble of the 
level assumes its propei station at the middle of its tube) and if the level will not then reverse, 
its Ys will icquiie adjustment, till, by the opeiation of halving the remaining erroi, it will show 
that the axes stand exactly at right angles to the veitical axis, in which case the telescope and 
circles will move as ncaiiy in a tiuc veitical plane, as ihe impeifection of the constiuction will 
admit of. Thiully, the telescope must he adjusted for distinct vision by means of the diawei j 
and foi the position of the ociilai wucs, ns it legaids both the vcitical direction of the paiallel 
wires, and the collunatioii ui altitude, the inodes of doing which we need not lepeat, aftei our 
foi inci dll cctions foi these aijjustmcnts of the altitude and azimuth circles of othei makers. In tlie 
instiumeni before us, liowovci, the vcitical position of the parallel wues is logulated by tuimug 
the dinwor bearing the small box lound, in Ibe small fixed tube, when the two opposite sciews 
aio released, and then fixing it in its piopei position by their means} after which the thumb- 
sciew above the box will adjust the place of the horizontal wire for colhmation in altitude. 
Lastly, the colhmation in azimuth Is nccessaiily effected by a vciy distant maik in the horizon, 
on account of the telesoojie being placed at one side of the veitical axisj for in the leversed 
position the ecconliicity of this position is doubled} and accordingly wo find, that the maik 
necessary for the adjuslmcnl of the collimation in azimuth is placed at the distance of twenty 
llaltan miles' A circumpolar star, howevei, would be better, at the moment of its gieatest 
elongation fiom the polai point. Wlien this adjustment had been finished paitly by the side 
scicws in the box of the cyc-piece, and paitly by moving the horizontal circle m azimuth, the 
verniers wcio put fo road opposite points on it, and as the zcio of this ciicle was afbeiwards 
found to be a liUlo out of the moiidian, the deviation is always allowed for in obseivmg 

azimuths. 

7- One of the first objects of icmark that occius to an English astronomer, on examining 
the instillment now undei oiu* consulciation, is, that the leadings of the ciicles aie by means of 
vetniet'S, now that the use of micromctiical micioscopes is become general m England) when¬ 
ever instruments lu c made on a scale large enough to admit of acctu ate subdivisions to spaces 
of G', An idea, Iiowcvoi, picvails on the continent, that verniers marked on a concentiic en¬ 
tire circle arc less likely to bo displaced by expansion and contiaction, as they regard the con¬ 
tiguous giaduated circle, tlian microscopes attached to bars. Cocks, or pillars’! and a prejudice 
of this natiiie is vciy likely to be pcipetualed by the cheapness of venner8,'3S compared 
with reading microscopes} but in our opinion whoevei has experienced the accuiacy and con- 
vcrticncc of the latter, will seldom wish to i eturn to the formei The Neapolitan astronomer 
confesses, what might'be anticipated, that when a quick motion is suddenly given to the tele¬ 
scope, and to its attached verniei circle, the graduated ciicle yields a little fioin its oiiginal po- 

sifton, and nothing but the most firm clamping of its limb will remedy the evil, and that pio» 

8 R 3 
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bably not completely, on which account an excess of elevation is fiist given in obseiving, and 
then a rotiogiade motion is supposed to lestoie the due position, that the two ciiclos iii contact 
ought lelatively to maintain. Foi tiiese leaaons it is found to be of the utmost irapoitance, that 
the halls of the clamps bo made to bind their coiiespondiiig sciows as closely as the action will 
allow. The evil is consideied to bo ciued, when one of the levels suqiended by pins on the 
face of the giadiiated ciicle, has its bubble leraaming steady, while tlio telescope is altciiiately 
elevated and depiosscd, in connexion with the contiguous veiniei ciiclc. It appeals, howevei, 
liom the published account that Iml is used to lubiicatc the pails moving m contact with one 
anothei, in piefcicncc to oilf which is applied only to pivots that aie accessible. 

8 JJ’fewe.—Though the pcimancncy of the hoiizontal position of tlic common axis of 
the telescope and voinieis, and of tlio ciiclo’s tubulai axis, was attempted to be seemed by the 
countci poises D and E, yet when the two ciiclcs came to be tiicd against each otliei in actual 
obseivations, theie was genoially found a diffeicncc of 2", oi neaiiy so, in the zenith distances, 
and also between the obseivations of the summei and of the wintoi solstices, in using both in- 
stinments Such disciepancies induced an opinion tha.i Jemcre iii some way oi othei might be 
the cause of this w'ant of agi cement, and cxpeiiments weic instituted to ascoitaiii in what way 
such effect would bo pioduced. Fiom obseivations of high and low slais it was found that an 
eiioi existed ncaily piopoitional to the zenith distance, and it was infciicd, that a flexuio of 
the telescope took place towauls the object-end, whoie thcic is no biaco to attach it to tlio 
iciniei ciiclc, foi with the castcin ciicle the ciroi at the hoiizon was found to amount to 
5''.06, and with the wcstcin to 5".61 j the counterpoise lying paiallel to the tube, which has 
been aheady spoken of, was theiefoie applied, but aftci adjustment the eiioi was found to be 
only paitially collected, It was then suspected that the ladii of the vciiiici ciicle might be 
liable to paitial flcxuic also, and a plan foi deteimiiiing this point was dctcirained upon. The 
whole weight of the telescope was detached flora the veimci ciicle by couls suspending itfiom 
both ends, and when tlie level was hung on the veimci ciicle, the ocular micioinctei was used 
to racasuic the zenith distance of an object, fiist with the weight of telescope included, and 
secondly, with the weight detached, when it was found that the ladial floxuio of the eastern in- 
sti uinent was 3" 03, and of the wcstei ii one 4".75. Since the pi incipal tube is made last towards 
the eye-end to the plane of the veiniei ciiclc, it“ cannot bend at that end, hut the diawei, oi 
oculai small lube may, and the eflecl pioduced by such bonding would iii some mcasuip coun- 
teiacl the flexmes of the object-ond, and of the ladial cones, by having a contiaiy sign. Biaces 
wcic thciefoic applied to keep the eyc-picco in the same line witli the main lube, in both in. 
stuiments, and when the comUcipoises wcie applied to suspend the telescopes, as in the tiialof 
the ladial cones, the level being now suspended hom the giaduatod circle, tlie mean (quantity 
of oculai flexuie in the eastern instriuncnt was found without the biacc - S’'.68 and with Uie 
biace — r . 07 . The wcslein instuiment had ncaily the same quantities. These vaiious ex- 
peiiments weie legisteiedin seven tables which were completed fbi cvoiy dcgicc of altitude, 
but which would be of no use foi other insliumonls, and iheicfoio aic hcic omitted. 

9 . The collections lesultmg fiom these cxpeiiments, Avhen the telescope is not biaced at 
the eye-end, but countcipoised at the object end, may be stated in the following manner, 

VIZ. 

I I 
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rASTI.IlN. 

KcMiie at tho objecl-cnd . . 4 0",4<2 


Radial flcxiue.. . • + 3 .03 

Oculai flexuie.. — 2.77 

, I , , * 

Sum of the cuois . +0 .08 


wn^rnnN 

+1''.03 
4 4. 75 
-2.58 


+ 3 20 


Hence llic dtffeiencc of the cuois comci out 2".52, not much diffeient fiom what simple ob- 
seivaiions had pioduccd, and this quantity, modihedfoi tho position of tho telescope, diminishes 
the obscivcd zenith distance in cvci'y obscivatioii 

10 . Rut these wci e not tho only expci iincnts made with 1 he two similai insti uracuts, to detect 

the consUnt diffeicnce of then racasures taken at tho hoiizon, oi ncaily so: locouise was lastly 
had to icflcction, A wooden vessel was picjiaicd for holding and anolhci of tin 

painted black foi wato, winch, when piopcily hllcd and conveniently placed, wcic successively 
used with both instiumcnls, when their objcct-cndswcic couulcipoiscd, and then cyc-iubesun- 
biaced Aftei a moan had been taken fiom several obsoivations of an object, at the distance 
of 9500 inches, with diminished cliaphiagms of black papci, with the caslcni uishumont, the 
ineasiuc by icflcction fiom water exceeded the diiccl measure by 1".38, and by reflection fiotn 
ineicuiy by 1".21, but when the eyc-ond was hiacccl the excessfiom walci was 3"A3 making a 
mean = 2".25 With the wcstoin instrument used m tho same way with mercuiy and with 
watei, tho mean of the excess was 4)" 23, so that was the dilToiencc fiom 

tins cxpciimcnl, between the houzontal mcasmes of the two instuimonts. 

11. AepeaZ/wg jf« i«c/pfe.—Though the vciUcal cnclo of Rcichonbach’s mslmmcnl may 
be used in the same inannei, as the English instunncnls bcfoie dosciibod aio employed, when 
the iippei clamp a is fast, and the lowei one h at the telescope is iclcased, in which situation 
the graduated cnclo is fixed and the veiniei cuclc moveable in conjuucUon with the tolc- 
bcopc, yet m all nice obsoivations made with small instinments, wheic extremo accuracy is 
aimed at, tho obseivationsaio inoie coircctly taken on a number of successive aics, by icjieal- 
ing the obseivation on evciy new aic till the whole ciicle has boon gone ovci by the vcrmcis, 
aftci winch it is piosumed that tho clTccts of cccenliicity m Ihc cnclos, and of inequality 
among the divisions will be annihilated When the adjustinoiils of the long voitical axis, and 
of tlie telescope’s axis aic piopcily made, and the ?cio ol tho cliclc, which wo suppose to bo 
giadiiatcd all lound to 360“, (oi to 400® accoulmg to the Eiench now system) is adjusted to 
the zenith point, by means of a zenith stai, with face cast and face west alternately 5 the level 
being suspended on the vcrnioi cuclc with its bubble at light angles to the telescope’s line of 
collunalion , if the telescope be bioughi down to a given slai on the moiidian, logelher with 
its attached vcinioi cuclc, while the giaduatcd cuclc lemains fixed ncai tho upper end of the 
pillai, by the clamp a, it is obvious, that it will have moved over an aic of tho damped ciiclo 
equal to the star’s zenith distance, and the fom vernicis, if now icad, will give a mean of such 
distance appioximalely, or indeed tiuly if all ihe adjustments, including tho collhnation, were 
complete, and the ciicle’s divisions poifecl, but as such picsumption would leave a doubt on 
the mind of the obseivci, he is not satisfied with this fust, or single megsme, though lakpn at 
the same time on foui scpaiatc aics of the limb , he thcicfoic disicgtircls these fiist leadings of 
the fom verniers, and now fixes the telescope and verniers to the giaduated cucle by the clamp 
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befoie clamp a is unsciewed, then, clamp a being released, the two ciicles and telescope, 
being now all united in one, are biought back till the telescope is again pointing to the zenith 
neaily, in which situation they aie made fast by the clamp a , then by means of the veinier’s 
level and the tangent sciew of clamp «, the vertical position of the telescope is made couect* 
in this situation clamp J is leleased, and the telescope is again at libeity to descend to the same 
star, when a small motion has been given in azimuth, equal to tlie stai’s change in that three* 
tion, the giaduated ciicle in the mean time remaining clamped; the arc now passed over by 
the vernieis is a multiple of the fiist aic, and if the leadings were now icgisteiod, the mean 
would be not a fointh but an eighth pait of the sura, and m all piobabihty the resulting ze¬ 
nith distance would be raoie couect than the aic giving one fouith of tho fiist sum of the four 
leadings; but still it is not necessaiy to lead at this stage of the opeiation. The exact times 
liowevei at which the contacts m the observations aie made inust be mailced down in con¬ 
nexion with the coiiesponding leadings, because the zenith distance of the stai is constantly 
varying out of the meiidian • as clamp 5 was made fast to complete the obseivation by tho aid of 
Its tangent sciew, clamp a is now leleased, and the telescope again biought into the veilical po- 
sltion as above descubed, to mcasme a similar aic the third time, and when a lepcUtion of 
measuies, along the limb of the giaduated ciicio, has caiucd the vcrmcis lound an entiie le- 
volution, in the way heic descubed, by sciewmg and unscrewing the clamps a and b aUerniilely, 
at each lepetition, the sum of the final readings divided by foul will give the whole arc passed 
over, and this again divided by tho numbei of lepealcd opcuiUons will give the single arc, 
which would ho the mcasme of the stai's zenith distance, if it had no appaiont motion dining 
the whole inteival. In this explanation of the punciple of observing with a repeating cucle, 
we have assumed, foi tho sake of illustiation, that the fiist measure shall cominonco at fsero, 
but this IS pot necessary to the acciuacy of the result, noi yet always convenient, foi if the 
mean of the incipient leadings be subtiacted from a mean of the final leadings, the loinamder, 
adding an entiie cucle if necessaiy, will be the total aic passed ovei, the same as if the incn- 
suie had begun exactly at zcio. This raeasinc liowevei will loqmie to be coricclcdby cer¬ 
tain quantities depending on the stai’s declination, and distance horn the mouduiii at the in¬ 
stants of obseivation. 

12» Repetition by double mw-—In the pieccding paragraph tlic measures weio descubed 
as taken by repeating the opeiation along sm^k arcs, taken in succession; which mode of ob¬ 
serving IS simple, but leqmres, in small zenith distances paiUcuUily, many icpctiUons, and ns 
many coiiesponding inteivals of time j and consequently allows the star to vary its zenith dis¬ 
tance veiy consideiably f but the opci ation maybe accelerated, byieveising the face of the 
veiticnl cucle after each altcinate obseivation, and by gaining theieby double mes at each mo¬ 
tion of tlie telescope. Let us suppose the star to be to the south of the zenith in any given 
latitude, then the obseivation will be made thus; clamp the telescope and veinicr ciiclo to tho 
liijib of the giaduated cucle at any convenient point near the zcio, and loading,all the four 
verm'eis legister them m their propei columns; cairy the telescope and cucle so united to the 
star, and fl|c the circle by the clamp a, m ordei that Us tangent sciew may complete the con- 
tact of die star with the houzontal wue; note the instant by the clock, oi timc-pieco, when 
such contact tpok place, to the fiaction of a second, and entei it in a column in the same line 
with the readings aheody taken, the mean of which may be called the point of departqre on 
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the cucle 5 the veitical axis is hcie supposed to be adjusted truly vertical by its attached level, 
and to lemain so dining the subsequent opeiations, tuin now the cucle and telescope together 
half lound m avunuth, and the telescope will pi eseive its zenith distance, but will point towaids 
the 1101 th instead of the south, lelease the clamp b, and cany the telescope with the attached 
veimeis ovei the zenith, and back again to the stai, wheie the contact must now be made, by 
fixing this clamp again, and using its tangent sciew, while the cucle leniams fixed as befoie j 
in this situation the telescope and veinieis have passed ovei a double a'rcfiom the noith side of 
the zenith to the south, and this arc is the incasuie of t’wke the zenith distance of the star, 
collected too for collimation, because the telescope’s position has been reveiscd, as it icgaids 
the hoiizontal wiie in the cyo-pieco; the time of this second contact must be noted as bofoie, 
but the leadings aio disicgaided for the picscnt, the ciiclc and telescope being now united 
aie turned anolhoi serai-circlo in azimuth, when the telescope again points to the noith as he- 
foie , and if it weie now earned back sopaiatcly as at flist, it would come to the star at the 


oiiginal point of dopaitnie, and the same aic would bo used that has been aheady employed 
for a double meabuio, m winch case the advantage of icpotilion would be lost the telescope 
theiefoie must now bo caviicd ovei to the star m comemn with the graduated cucle, in oidiei 
to gam a new poiul of depaiture, and the obsoivalion must be finished by the tangent sciew 
of clamp a, as at first, the original point of dcpailuie being thus sent forwards towauls the 
south. The tunc having been noted, and also the position of the level’s bubble, the same ope- 
lation IS icsumcd, of tuining the ciiclc and telescope together a scmi«ch'clc lu azimuth, flist 
for the telescope to be brought singly, and then, aflei anolhoi semi-revolution, for the cucle 
and telescope to move in connexion, when a second double aic will bo me.i 8 iu’ed, and a thud 
point of dopailuic hiought to the stai, in doing which the tangent sciows of the two clamps 
aie alleinatcly used foi completing the contacts. Aflci foui, six, 01 eight lopctiUons of this 
opeialion have earned the ouginal point of dcpaituie loundtho cncle, oi neaily so, the time 
of the last contact made by the telescope, earned ovci without any connexion with the cucle, 
must be noted, and the final leadings put down to conespond, as well as the state of the le¬ 
vel j at which pciiod the soiies of observations will be complete. 

13 Suppose now that eight pans of obscivations have been made of a stai *3 zenith dis¬ 
tance, with the telescope alleinatcly placed at the east and west face of the circle, each pan of 
such observations would separately give a double aic, difibnng fiom a moan of the whole hum- 
ber by the quantity that the star has ascended bcfoio the moiidian, or descended after, at the 
moment of making the last obseivatioii, after'•tho telescope has moved sopaiately over the said 
arc, hence a icduction of the stai to the moiidian aUitnclc is necessary for each instant of such 


second ohseivalion of the pan 5 and when the sum of all the 1 eductions divided by'their num¬ 
ber IS applied, with its piopei sign, to the mean double arc, the tiuc double measure is ob¬ 
tained j one half of which will he the appaienl zenith distance, which, by the pioper Cbirections, 
may then be conveitcd into the tiue zenith distance. The Tables of Delambre, or that by Dr 
Young, given at pages 99—103 of 0111 fiist volume, and explained at pages '329—380, may be 
conveniently used foi effecting the i eductions in question} and the examples we have given, 
at the latter place of lefeiencc, are sufficiently applicable to oui piesent ptirpose. The mode 
of legistcrmg the observations, and method of leducing them adopted by Biioschi will be seen. 
Without fuilher enlaigcment of oui section, fiom an inspection of the two annexed specimens 
of solar observations taken neai the solstices, at the Royal Observatoiy elected at Naples, in la¬ 
titude 40“ 51' 46“.63, and longitude 0 " 44'’.3 cast of Pans. 
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§ LXXIV, REPEATING CIRCLE BY TROXJGHTON [Platf XXIIX Ei« 1 ] 

1* The piinciple on which the constiuction of a lepcating ciide is foimdecl, was fiisfc suggested 
by Piofessor Mayei, in a papei presented by him in 1758 to the Royal Society ol Gottingen^ 
in which he desenbed an instiument foi lepeating hou^ontal angles, which he called ca Qomo^ 
neUr^ and which he had contuved eight yeais befoie. It had no cuculai hmb, but consisted 
of a pan of bais, of a foot each m lengtli, that opened at a joint at one end, like a pan of dU 
videis, and weie hold by a stand m such way, that they would turn lound it eithoi jointly oi 
sopamtely, so that when the lowci was pointed to ^ left-hand object, and the iippci one beaung 
a tdoscope to aught-hand one, the included angle was ineasiucd simply fiom a choul lino by a 
pair of compasses, extending fiom a fixed point m the fiist lod to a similar point m the second, 
aftei making an allowance for the supeiposittoii of the lods, and as the uppoi lod could be 
faiought seveial tunes to the fiist object, and opened again to give a view of the second without 
intcifcring with the position of the under lod, cveiy successive opening gave an additional aic 
of measure, and when tlie lowci lod had been thus giadiuilly earned backwauls, at cvciy icpc-* 
tition, neaily tluough an entue cnclc, the supplemental aic mcasuied by the choul hno, when 
subtracted fiom SCO*', gave the laige aic passed over, and consequently a mean of* the whole 
numhei of aics, separately passed ovci, when the laigc aic was divided by this numbou 

2* The fiist peison however who applied tlm punciplo to measuie round the limb of a 
divided instrument was Boida, who about the yeai 1789 caused a lepcatmg ciicle to be con*^ 
structed, that would measiuc with equal facility hoiizonlal and veitical aiiglob, and with much 
greater accmacy than the impeifect state of dividing would at that time admit of in the com** 
fmon way* While astionomeis on the continent have bestowed unlimited piaisc on the utility 
I of the repeating cnclc, both befoic and since gieat impiovcmeiits have been made in the nice 
^ art of giaduating instinments, the English asUonomers have piefcncd those of laigcr ladii, 
which admit of moie coiiecl subdivisions by the impioved methods of giaduating, theicby avouU 
ing much trouble in making and icducing then obseivations, and also saving much tunc spent 
in lepetitions of the same obscivation. When, however, a cuculai uisUument is made so small 
as to be portable, and yet is destined to peifoim acciuatc woik, the licubic and lime become 
secondaiy conskleiations, and the English aitists object not to construct it on any principle 
that may promise to seeme the pioposed object Accoidingly Troughton, who was nevoi 
deemed remarkable foi copying othbr meifs inventions, improved the constiuction of BoidaN 
ouginal mstiument by the introduction of different contrivances that cnsiuo, at the same lime, 
:its siiperioi accuiacy and convenience in use. we propose theiefoic to describe in this section 
the astionomical repeating circle as constuicted by this eminent makei. 

S* Figuie 1 of oiu Plate XXIII, gives such a peispectivo view of Tioughtoifs icpeating 
circle, as will enable us to convey a general idea of its constituent paits by the aid of letters ot 
leference, which in tins complicated single figure become essential but after the dcscuptions 
wc have given of other largei instruments, it will not be necessaiy to be veiy cucumstantial, as 
to the dimensions of the vauous parts, which may be judged of fiom the piopoitions exhibited 
in the representation, As we have not given a drawing and corresponding descriptiott 



REPEATING CIRCLE BY TBOUGHTON 


490 


of Boida’s instiuinent without leflecUoti, we shall occasionally point out how it chfieis fiom the 
iiistminent wc piopose to descube. The base of this icpeating cuclej like the Fiench instiii- 
inents made aftci Boida’s pattciii, is a liipod of biass bcauiig a clamp and tangent sciew fpi 
giving slow motion in azunutli, but has thicc efpudi&lant vcrmcis that icad each to the accu* 
lacy of 10" on a twelvc-inch hoii/ontal ciicle, the oiiginal one having but one voinioi, and 
one of the feet sciows, a, has a coiitiivanco foi pieventing the foetfioin slipping on a stand, and 
also foi giving veiy slow motion to tins foot, which in use is placed towaids cithci the noith or 
south, this additional detached piece stands on two sluup points besides the end of a sciow, 
winch togctlici foim an isosceles tiiangle, having a guttoi in which the scicw of the tiipod 
lests, and the slowness ot the adjustment depends on the distance of this foot fiom the two 
shaip pins, which constitute a fiilciiim foi the level founing the tiignglo. A stiong conical 
spindle of steel filtecn inches long, and tapciing upwaids fiom an inch to a little inoie than 
half an inch at the top, is h\cd peipcndiculaily m the centic of this tiipod, as an axis foi the 
hoiizontal motion. A stiong hiass pillai, made liollow, fits ibis spindle at both ends, so as to 
tuin smoothly on il without pciccptihle play, and, lesting on the ccnluil pait of the tiipod, 
suppoits the whole weight of the body of the instrument, and also caines the giaduated hom-' 
/.ontal ciielc above mentioned so close to the nuns of the tiipod, that it may just revolve with¬ 
out touching. Two of the tliiee feel scicws, h and c, icst on brass cups maflo fast to tiio 
wooden stand, on which the mstiumont usually stands, and a simple microscope, d, foipauig a 
positive cye-piecc, is attached by a lever to a ring that cmbiacos the pillar, and alloys it to 
view any of the veiiuois that may icipnie to be icad, by means of its icvolving motion. In 
Boula’s nistuiment this ciiclo is only foiu inches in diamoLci, and leads with a single vcimer, 
which indicates 8', and sometimes only 5', its edge is indented, and the motion is givcp by a 
pinion, as in the case of a common theodolite. 

4- Acioss thcnppoi end of the pillai is fixed a stiong bai of brass, e, which consequently 
paitakes of its icvolving motion, and upon this liai is 6x01! a sunilai one, face to face, by a 
pan of thumb seicws, one of which appeals at the cud opposite e] to this second hoiizontal 
bar a pair of upiight suppoiting bais aiu fhnily attached, which together foira a strong fiiimo, 
With two sides andt< bottom, and when the fixing thumb-.sciews aio withdiawn, the body of 
the instuunont may be detached fiom the tupod and pillar, winch scpiuation allbids great con¬ 
venience m packing the two pints separately foi tiavolliug tins is also tlie constiuction Of 
Boida’s ciiclc. The ends of an hoiizontal axis luc ccntcied into pivot holes made near the 
uppci ends of I he suppoiting hais of the fiarae, roniicl winch llie whole of the supciincumbont 
poition of the instininoiit may turn, and by means of this axis tlic veitical ciiclo and its ap¬ 
pendages may take cithci a veitical, hoiizontal, 01 inclined position, at the pleasure of the ob- 
seivcr. One end of this hoiizontal axis, Which hes paiallel to the plane of the circle,'tnay bo 
seen at^ above the back telescope., 'J’o this end of tlie axis a scmiciicle is made fast, having 
its piano paiallel and contiguous to the innci face B)e left-hand supporting bar, and is held 
by a clamp fast to this bai, in any given position. Tins semicircle cannot,bo .seen in the figiue. 
The giaduated vertical cucle, winch is eighteen inches in diameter, has eight conical radii, the 
inner ends of which aio fastened to a stiong octagonal centre piece, and the outer ends are 
sciewed to the circular limb, at cquiil distances fiom each other} while the hmb itself jiS 
stiengthened by a ciicnlai edge-bar, large enough to be hqld by a clamp. tins edge-bar, being 
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Oil the back of the ciicle i% consequently not seen, A thick socket oi cyUnclei of biass passes 
at right angles acioss the middle of the hoiizontal axis, winch theie swells to a laige diametci, 
and is made peifectly fast to it, so as to ascend or descend as the axis linns round; at tlie le- 
mote end of this cylindei a solid piece of metal is fixed, sufficiently heavy to counterpoise all 
the assemblage of metallic paits, that aie placed on the neai side of the said hoiizontal axis, 
namely the cucle, vernier bais, telescopes, and level. This fixed cylindci allows the long 
socket to pass thiough it, that constitutes the ciicle’s axis, when made fast at the outei cud to 
the back face of the octagonal centre piece, and, having its icmotc end passing beyond the 
extiemity of the counterpoise, which is the fiustuin of a cyhndei, the bcanng of this tubuhu 
axis within the fixed cylinder is long enough to allow of good fitting, and of steady motion in 
the circle’s altitude. Anothei axis of solid steel, which fits tlic boio of the cade’s tubular 
axis, passes tluoiigh the whole length of it, and caiiies the fiont telescope in connexion with 
the foil! aimed veinieis, that move as one piece along with this solid inteuoi axis, and though 
the veimeis are m contact with the divided limb, then motion in its plane is not guided, as in 
Boida’s circle, by the face of the lunb, but by the peipendicuUi duccUou of then long a\w, 
passing about eight inches thiough the cucle’s concentiic hollow axis. One of the foiu veniiei'?, 
standing at g, has a clamp and tangent-sciew for giving the slow motion, which is puiposcly omit- 
led in the diawing; and by which the contact of a stai with the houzontal wiie of tlic fiont 
telescope is completed. This telescope is placed at an angle of 45 ° with each of the fom vei- 
niei bars, eithei above oi below, and pieserves this distance constantly. Another bai, like onu 
of the veiniei bais, but not giaduated, icvolves on a socket lound the cuclc’s hollow axis, be¬ 
yond the posteuoi face, and lias a clamp, by which it may be made fast to the cuciilar edge- 
bai, that strengthens the hmb, at any pait of it; the back telescope is made fast lo this single 
clamping bar at the distance also of 45 ^ and as neai to the axis of the cucle as Us lluckiKMa 
Will permit; hence it may be peiceived, that cither of the two telescopes may bo attached to, 
Cr detached fiom the cucle, by means of thou lespecUve clamps; and that they may bo made 
to move, all as one piece, oi any of them sepaiately but neithei oi‘ these clamps will fix the 
circle in a stationary position, oi regulate its molion. In Boida’s consUuclJon a lacked cu- 
cular plate is fixed on the lemotc end of the Clide’s tubulai axis, beyond the couutcipoise, 
and an endless sciew,fa8t to the countoipoise, gives motion to the ciiclo at Iho opposite end of 
the axis, whiclns too fai lemovod from the scicwto be immediately obedient to its action. 
In our instrument this motion is bettei legulated; a ciiculai jointed clump sunounds the cu¬ 
cle’s axis near the cioss hoiizontal axis, and caiiies an arm ascending towards the upper limb 
of the semicircle for clamping, as above desciibcd, while anothei aim is made last to the fixed 
cyluidei cariymg the qounteipoise, that ascends in the same diicction, Ihcn a long sciew pass¬ 
ing thiougli the remote ends of these bais, oi levels, will make them appioach oi locode, ac^ 
cording to the direction m winch the sciew is moved, the head of which is visible at //■; and as 
the moveable levens connected with the cnclc’s axis, by means of the clamp, and tlie fixed 
one fast to the cylinder of the counteipoise, it is easy to conceive, that the action of the aciew 
will moveithe cuclc, when the clamp is fast; but that the circle will be fiec to lake a quick 
motion when the clamp is rdleased The back telescope is used only when hoiizontal'angles 
are measured in teriestual operations, and instead of it a good level is fixed paiallel to it, at 
the opposite side of the cucle’s axis, in which situation it forms a counterpoise to this telescope, 
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by being made unu&ually heavy foi this pui pose it has the same advantage of quick and slow 
motion that this telescope doiives fioin the tangcnt-scicw of the clamp, carried by the single 
hai. 

S. The telescopes are achiomatic, and aie similai to each othei, each having a focal length 
of twenty five inches, magnifying fiom Unity to sixty times, accoiding to the eyc-picces used, 
and having apeihues of an inch and Ihicc quaiteis each, with illuminating loflectois. The 
telescope, placed behind the ciiclc, has only two lines in its focal point ciossing each othei at 
light angles, but the fiont telescope has six lines ciossing one anothei, thieo in each duection, 
the plates that hold this system of spidei’s lines being adjustable by two pans of scicws, one 
pair acting in the hoiivonlal, and the othei in the vcitical duection. In the foimci telescope 
the adjusting screws aio designed to place the hue of collunalioii p.uallel to the plane of the 
ciiclc, and also to the bubble of the level, but in the laltei the second adjiistincnl is not 
wanted. These telescopes, being intended to view objects at dilfeient distances, have each a 
diawci foi distinct vision adjustable by lackwoik, as iii an oulinaiy telescope, cariiod by a 
common tiipod. The level t, lying paiallel to the back telescope, is giound to a ladiiis, that 
gives a scale gcncially of an inch and a half to the minute, inatked on two slips of ivory sliding 
on the glass tube, and adjustable to zoio. Anothoi level is fixed nl one end to the cioss axis, 
and at the othei to the smface of the copn Lei poising fiusLmn of a cyhndci, the use of which is, 
to place the cuclo’s plane in a vcilical position, winch it will always do by hanging the bubble 
to the middle of the glass tube, when once piopcily adjusted by a detached plumb-line, sus¬ 
pended pnullel to the said plane. The iippci 01 1 emote end of the back clamping bar, the 
faiigcnl sciew of which is seen at A, is foimcd into a somicuclo denoted by I, of about h.ilf the 
ladiiis of the ciicle itself, and on its llico aic loughly divided two quadianls of zenith distance; 
and a blank of about half an inch scpaiatcs thou xeioos ilom each other Two small sliding 
stops are made to fit the limb of this scmicncle, ui such way, that thou fiducial edges may bo 
set and fixed to any given division. Ncni the object end of the telescope an index wi is made 
fast to the tube, and leuches down to the somiciicle’s limb, wheie its bicadth just covcis the 
space left betweou the two zeroes of the giaduatcd quadrants j and when the stops lue set to 
the zenith distance oi'a stai to be obscivcd by lepotition, the index, meeting with the slops al¬ 
ternately, will Imiit the aic of the lolescopo’s motion, at the vciy points whoic the star will 
become visible in tho centre of the held of view, iheicby cnsuimg the finding of the propel’ 
stai without loss of liino, The motion in a/imuth is also limited to a scrauievolution by stops, 
but differently applied 5 a small cylmdci of pointed steel is lodged in the liolo of a piece ol 
brass, attached to one of the tupod’s aims under the voimoi, and uiged forwaida by a spiuil 
spang against tho edge of tho hou/ontal circle, wlten in use, but at other limes put out of ac¬ 
tion, When the leading vcmiei ariivcs at the zoio 360 °, 01 at 180 °, the pointed endciitcis a 
sliallow hole made puiposcly at the edge of tho ciiclc, but so shglitly as jqSt to be felt, on tuin- 
ing tho instiumeut loundin azlmiilh j foi the point will iclue of itself when an ilddilioual pres- 
sine IS applied, and then, this point being displaced, the motion m azimuth wiU become fico, 
By the help of these stops applied to the two cuclos, a Inlght object’may bo icpcatcdly ob- 
seived by day light, 01 a faint one by night, without fcai of losing it, pr danger of mistaking 
'mother for It, and even without icgaidmg tho giaduntcd ciiclos, diiiiug the interval of iCi 
pcatmg the obscivations. When the lepctition is completed thq verniers of the voilicnl circle 
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ai6 lead by means of the two simple mioioscopes, placed at the opposite ends of the double bent 
level, which j evolves round the cential poition of the quadmple vcintei bais» 

6* Acfyiistments,—T!hQ adjustments of tins instiument aie neithci numcious, noi difficult 
to be executed* As m othei cases wheie a veitical axis is suppoiled by a tiipod, this axis 
must be first made peipendiculai by the foot sciews and levels m the way that has boon alieady 
explained * secondly, the plane of the upper circle must be placed tiuly vertical, in the first in-* 
stance by a detached plumb hue held paiallel and close to its face, while a slight motion loinid 
the horizontal axis will complete the paiallelism 5 but this need not be repeated, when the se-* 
cond level, applied to the axis of the cucle, has once been adjusted by the plumb line, for its 
bubble Will poifoiin tins adjustment aftciwaids with sufficient accuiacy, though the besl cn- 
tenon of the cucle^s veiUcal position is, when an elevated object can be biouglit to coincide with 
Its image, seen by reflection tlnidly, the line of colhraation of the telescope must be biought 
paiallel to the plane of the ciicle, as both telescopes aiein eccenliic situations, as they legaid 
the veitical axis, a veiy distant object must be chosen as a maik, and as ncaily as can be cstu 
mated in the hoiizon 5 when that maik is bisected by the middle wao, the vouucis of the i\z\^ 
inuth elide must be lead, then, turning the veitical axis half round till the cuclc’s face stands 
at the contiaiy hand, read the azimuth ciicle again, when the same maik is a second tune bi¬ 
sected , now move the azimuth cucle tlnough half of the dilTcicucc of these readings, abating 
180 °, and the plane of the veitical cnclc will pass through the distant object chosen aa a maik, 
111 tins position move the veitical wiics of both telescopes to bisect the said mark, whi$h may 
be done by the propei oculai sciews, and this adjustment will be finished» the foiuth adjust- 
mentis that by which the hoiizontal wiie of the back telescope is set paiallel to the level 
placed above it, but tins is only wanted when the opeiation of levelling is the object of the ob¬ 
servation ; foi tins puiposo a veiy distant object is again neccsaaiy, because tlie back telescope 
IS situated lower than the fiont one with the foimci adjustments remaining uuaUoiccl, an objocl 
nearly m the honzon must be bisected by the middle wnc of the fiont telescope, and the Ibiu 
vcnneis load, in the next place icveisc the position both m azimuth and altitude, and read the 
^ eruieis again, then half the diffieionce of these readings will be the euor in colhmaiiou in al¬ 
titude, and halt the sum the altitude 01 dopiession of the object, set tlio veinier»s to the lion- 
zontal point on the cnclc thus pointed out, and tinning tlic instalment slowly loinul in azimuth 
till a new object is soon in the honzon, aftei having adjusted the half diffcicnco foi colhmaUon, 
bisect that object, 01 again tutu to one that, being exactlym the hoii/on, will bo apiopei inaik 
for bisection, then lastly, turn the back clamping aim by its tangent screw till the bubble of 
the parallel level stands at zero, and the adjustments will all bo complete. 

7. The flame constituting the suppoit of the body of tins instuimcnt is made deep and 
wide enough to admit of the counicipoise passing tlnough it, as the hoiizontal axis icvolvcs, 
andithe vertical cucle may leadily be so placed, as to have its face pcifecily hoiizontal for 
measimng angles between teuestiial objects, or even m any oblique diicction, that may loqUue 
to be reduced to the houzon, but as oiu business is confined to piacUcal astionomy, and as 
various.foindulse, 01 tables, foi making the necessary reductions would be lequued for explain¬ 
ing the use of the instiument in geodsBUcal ineasuiemehts on a laigc scale, wc will lelbi those 
readers who wish to make such use of this instiument, to the ample woik published by the 
IVench Institute, called Aic diiMciidimj, to Puissant’s G(^odo$ie; and to Dolambie’s 
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Metliode Analytiqiio pour la Determination d’tin Ai c du Meridien, whcie the subject is tieated 
with all leqiusito precision. As, howovei, the Aationomci-ioyal of Gieenwich has lately pro¬ 
posed to lefei the points of gieatest elongation of ciicumpolai stais to tnaiks in the horizon, by 
peipendiculai lines deinitted by means of an altitude and azimuth ciicle, and theli to measuie 
by a lepcating ciicle the angle subtended at the hoiizon, by a line joining such hoiizonlal 
inaiks, we will explain heie how such angle may bo detcunmod by the lopcating process, that 
this instillment is capable of perfoiming; and in a subsequent section wo will show, how such 
hoiizontal elide may be conveited into the diametei of the cucutnpolar circle, winch will tlien 
be twice the polar distance of a stai, appaiently moving iii such diiunal ciiclc, without the in¬ 
fluence of atmosphoiic refiactiou. 

8 , Ilotisonlal angln, —When the line subtending the angle to be measured is quite hoii- 
zontiil 01 nearly so, the picparatoiy opeiatioii is, to place the plane of the cuclo, that lepoats, 
m a horizontal position, by turning the whole body of the instiiunont, including tlic telescopes, 
lound the horizontal axis, till the intciseclion of the wiics of the moving telescope will pass 
ovei both the maiks that bound the subtense j but as it will seldom happon that both marks aie 
acouiately in the hoiizon, this operation is not easily peifoiined; since tho plane of the‘ circle 
lequiics to bo adapted to the given obliquity of the subtending lino. Mi. Troiighton has given 
the following piactical iiilc, which will greatly lacihtalo this piepoialory opeiation i —“ Set one 
foot of the tupod, as ncaily as you can guess, in a lino with that object of tho two, winch you 
judge to have tho least elevation oi dopiessioii, and with the plane of the ciiclc voitical, and 
the back telescope horizontal (both to the exactness of two oi tlneo minutes), bring back the 
telescope to the object, paitly by tmmng in azimuth, and paitly by turning or piopping tho 
foot-sciew 5 next turn the cnclc lOund on the cioss ums, until it scorns by the eye to occupy 
tho piopoi position t then a second tunc bung the back tolcscopo to the object by the foot- 
sciow, and also by tinning in azimulii j lastly, complete the opoiation by hmiging the upper te¬ 
lescope to the other object by its own piopcr motion, in conjunction with that of tinning round 
the Cl OSS axis.” The principle of tho lule is this; the cioss axis and tho lower telescope being 
made parallel to each olhei, and pointed to the same object, tlio circle may be tuuiod loimd 
that axis, without changing the angular position of this tcloscopo. When the plane of the circle 
IS thus made to pass through both objects, the operation of nicasuung the angle by lepetition 
may be conducted in the following mannci. I^et the veiniors connected with the foio tele¬ 
scope be set to zcio, 01 be clamped at any conveiiiont pait of the limb j and let tho leadings be 
noted down} m the next place by means of tho gcucial motion place the intoisoclion of the 
oculai wires exactly on the middle of the object towards tho left. then by its own pioper mo¬ 
tion bung the back telescope to covci the olijecl to the light in like inannoi; aiul while in this 
situation examine both objects by their lespcctive lolcscopca, and be satisfied that the angle iiu 
eluded between thorn is coirectly contained between tho two telescopes; now by the gcncial 
motion move the back telescope until its wiies coincide with the object on the loft. The fiont 
telescope is by this motion earned tho space of a Single incasmod arc to the left of the left hand 
maik, nncUmp it allci fixing the ciicle, and cany it round to the object to the right, and 
its vermcis will have passed over an aic equal to double the angulai aubteiisc connecting the 
objects} the whole opeiation is now once peifoimcd. To leacl this double aic ould belathev 
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injuiious than useful, by piolonging the time, and is only done to giatify cimosity, in keeping 
an account of each scpaialc step in the giaducd piogiess of the work , thcicfoie, with the fiont 
telescope clamped in this pait of the limb, the same opeiation that has been desciibcd must be 
gone tluough a second tunc, when the leadings would give the spin of fom single ai cs, if noted, 
but a third, fouitli, fifth, &c. couisc of the same opciation is usually gone thiough, till a sul- 
hcicnt numbei of iepelitions aie accoraplislied, to ensure accuiacy, that is, to do away the iti- 
equahty of the ciicIeN divisions. Then when the final leadings aie obtained in degiees, mi- 
Jinites, and seconds, on an aveiage of the foui veinicis, the total aic, divided by double the 
nuinbei of icpctitions of the whole opeiation, will give the single angle rcquiied The load¬ 
ings at the commencement and termination of the senes of opeiations ate all that ai’c icqniicd 
in thi3 method of obsciving, for it is of no impoitance whcthei the whole aic be well divided 
05 not, piovidcd the fiisi and last leadings fall in a giaduatcd poition, that ncaily begins and 
tciminates the opeiation. If the icsult of each sepaiate lepetition should be taken singly, the 
euois of division would be included ui each mcasiuc, but a mean of the whole would not 
in principle diffci from the one final jcsult, obtained by an luiinteiiuptcd conUnualion of the 
lepcUlions. A mean of all the double arcs taken sepaiately witbouf the icpeatiiig punciplc 
would not be so accuiato. In a senes of opeiations, foi obtaining the houzonlal angle, the 
levels aie of no use. Each telescope views both the maiks alternately, and as they contain pci- 
inaiicntly between them the single aic, tins ate is doubled, as il legaids the light hand matk 
and the left hand or foic telescope, when cauied away beyond the left hand maik by the ge- 
neial motion, m placing the second telescope to the left hand maik, foi then, the ciiclc being 
clamped, the final motion of the left hand telescope to the light hand maik, m winch u ciosscs 
the othei telescope, mcasmes tlio double aic at once. The principal cidvantagc of the instiu- 
ment is, that, howevei nneitual the divisions of the inlcimcdiate limb of the ciiclc may be, they 
are of no impoilance, as not being read, and the incipient and final leadings, being all that aic 

y* 

taken, aie chaiged with but few cuois, and those such as will incigc lu the numbei of aic 4 
passed over, If, howovcj, Iheie is any enoi in the icsistancc of the centie-woik, it will pro¬ 
bably be constant, and the obseivei has no means of detecting it 

9. will give an example of a tcuestual angle measuicd by a icpeating cn 

cle by Tioughton, in which a vseiics of ten lepelitions, oi twenty single aics, cauied the vor- 
meis moie than thieo tunes lound the giaduated limb of the ciiclc, bcfoie the final readings 
gave at once the mcasuic of the angle 5 hut as all the leadings aftci each successive opeiation 
aic legisterecl, it will afford us the means of computing the angle due to any niiinbcr of ope¬ 
rations m the series, and also to each double aic, taken singly without the icpcating piinciplo, 
fiom which a mean may be deduced this mode of treating the example will exhibit a com- 
paiison of all the lesulfcs, The fiisi column contains the numbei of single nics measuied, 
the second gives the mean of the foui leadings of the veinicis at the couesponding points ot 
the limb, with the entue levolutions to be added, the third shows the angles gamed by repe¬ 
tition at the end of each paii of single aics, and the fourth exhibits the same as they aic de¬ 
duced fiom each double aic separately, The first opciation begins at zero, and the ninth is 
not registered 
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No 

Double obsoivuiions 

Z. by repetition 

2. 

127® 7' 4-5"+ 0® 

63“ 33' 52" 5 

4. 

S54. 15 24- + 0 

51 .0 

6. 

21 23 00 + 360 

50 0 

8. 

148 30 30 !- 300 

4 - 8.7 

10 

275 38 10 + 360 

4.9 0 

12. 

4-2 45 50 + 720 

40 A 

14. 

169 53 20 h 720 

4.8 .G 

IG 

297 0 50 1 - 720 

48 .1 

m. 

191 16 17+1080 

63 33 48.8 


H I n ■ I I Mil M m ■■■■I ||>,||B I 1^, ^ 1 ,^ , 

L by BUBBossive pairs. 


63* 83' d2".5 

49 5 
48.0 
4-5.0 
50.0 

50 .0 
45 0 
45.0 

51 .8 






Mean of all the nine .... 6S 33 48 .5 



111 this example, li may be icmaikctl, that the moasuio of tlio hoiixonial angle clciived from 
the last leadings, aftei ion repetitions, y\i 63^ 33' 48".8, iH almost the same as aiisca horn 
the aveiagc of all the lesults contained in the last column, whcic li must bo taken foi 
gianted, that an opposition of contuuy cnois has pioduccd a sufficient collection. But 
the angle thus obtained icquucs to be couccled for excentixcity of the lowci telescope^ 
and the quantity of this collection depends on the distance of the ohjccts fiom tho obscivor, 
and upon the distance of tho axis of vision of the lower telescope fiom Oio centre of tho m- 
i»tiument In 'J'loughion’s cucles ilio excentucity of the lowci Iclcsoopc is usually one xneb 
and foui“tenths, and if we calculato by the loiinula given by DoUmbio foi this piuposc, we 
shall find that the coxicction, due to 1000 Fieiich fathoms of distance, is Q", and also that the 
amount of tins coiiccUou vanes inveiscly as the distance, vr/.* that at 2000 it will be only I'', 
and at 3000 0".67, &c. But when tlie hue coniicclmg tho two objects is not hou/ontal, tho 
pnncipal coiioclion will be to leduce the obsoived oblique angle to tho hoii/ontal angle, which 
IS most loadily done by llio J‘’iench Tables, it will howevei be sufficient for oui puiposc, to 
give the foimula by which the compuialion may be efFcctod, when tho obliquity is not cou*' 
sidcublc, VIZ. if we 

Arilbo angle of postiioi) obsoivcil, 

11 =: the alUtuile of the niailc a, 

A=ttic allituclc of the nuuk b, 

and V =:sin* ] (II i h) > tang ■; A~ sm* ^ (H—Zt) . cotang | A. 

Then tho concclion .t’=n. see 11 see h. ' 

But if the zenith distances diflbi moie than 2® oi 3® from 90°} the following foimula may be 
substituted, viz 


Sin j Z—^ 


sin 






I, 


where Z is the angle i educed to the houzon, C the angle at the contic, ^ and ^ the respective 
isenith distances of the objects but in gencial when the thiec sides of the tuanglo are mea¬ 
sured by the instiumcni, the angle at the zenith, being subtended by the hoiizontal line, may 
be had by sphoiical lugonmnotiy. When the altitudes of the objects above the hoxizon ar^ 
small, we may convoiucntly use tho subjoined foimula, viz. 

VOL, IX, 3 T 
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^ _ I ^90 .tang JC- ( • cotangiC.sinl 

which formula may be thus exemplified, 

S=: 89’ 41' 54".6 
i'= 88 49 15.6 


J + J'=;178 31 10 g 
90"-M's: 0 44 24.9 
2 

Put 2664'’.9 = J9, 

Then we have sm 1" . . . 4.68557 

Log. p*. 6.85136 

Tang ^ C . . . 9 46228 


3-5's:0'’ 


and 2579".5 


. . . log. g* 
. cotan i C 


52' 39" 
26 10.5 



+0.99921=: 9"98 

-41.71 


-1.62025=41".71 


Reduction leqiurcd .. —31.73 

Obseived angle (say) ...... 32 20 15.70 

..■"•-1114I iiMiiiii lit . . 


Angle reduced to the hoiizon s:32 19 43.97 


10. Vertical nwgfes.—After having coinpichended the method of observing an honzontol 
angle by repetition, oui readeis will peiceive that the same adjnatmonls and operation -would 
apply to the measmement of a veitical angle, such as the altitude of .a stai from I lie bou/,on, 
provided an houzontal inaik could bo seen by night, and tdso provided the star had no nppa» 
lent motion lieie theie are two difficulties to overcome} the former is easily obviated by sub¬ 
stituting a level foi the houzontal maik, and the latter by tabular icductions of the stai to 
the meridian, at each moment of obseiving it. It may bo of use to the young observer to 
bear in mind, that the circle must be alternately clamped to the telescope, and to the love!, 
and must always be connected with one or other of them in the flout obsoivation, which 
brings the point of depaituie to the stai, the telescope must form one piece -with the ciri'lo, so 
as to move together, and the clamp that connects them must on no account have its tangent 
screw or fixing screw touched, till the stai is bisected, on the contiaiy, in the second paifc of 
the obseivation, m the levcrsed position, the level must be made fast to the circle, nnd ctqual 
caie taken not to disunite them, till the stai has been again bisected. Poi want of this caution 
a senes of obseivations has frequently been vitiated, after several good icpctiUous liavc been 
gone tillough, Tuining a wiong sciew is fatal to the accuiacy of the obseivations. When 
the fom veimers have been clamped and icad, a mean of them must be icgistoicd as the point 
of departuie, which may be at zeio o^ otheiwise, in the next place tuin the ciiclc by the u/a- 

mutlial and vertical motions till the telescope, now connected with it, is pointed to the stai, 

and brought mto contact by the tangent sciew h, that gives slow motion to the circle, then ad- 
just the level to the houzontal position, by its tangent screw /r, taking care that this is the case 
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exactly at the moment when the star is bisected, which moment indicated by a chronometer 
or good clock must he logisteied, foi on the coincidence of these tinoe lequisites depends the 
accuiacy of the obseivalion, and tlieiefoie an assistant foi noting the time and level should be 
always leady, and well piacUsed the ciiclc, telescope, and level are now all connected, and in 
the ilist position, the vcitical axis being supposed pieviously adjusted to its pcipendiculai at¬ 
titude, turn now the whole instiumenL half loiind m emmuth, without deranging the con¬ 
nexion of its ihiee malciial poitions , and if the level is not found tiuly liouzontal, make it 
so by the fool-scicw undci the edge of liie ciicle, and the telescope will now point to the same 
Kemth distance that the star gave it, but on the contiaiy side of the zenith point, lelease 
only the telescope, and, leaving tlie ciicle and level clamped, turn it ovoi to the stai again by 
its own piopci motion, and bisect a second tune by the tangent scicw g, of the fiist vernier 
bai, when clamped agam to tiic ciicle, but by no means touch any otiici sciew, the telescope 
hy passing ovci tlic /ciuth to the slai a second tunc, passed over a double aic, and piovided 
Ibc bubble of the level letains its place, the vcinieis, if lead, would show the distance of this 
double aiG fioin the point of dcpaituic, when tlie loading due to that point is subtiacted in 
the foim of an index euoi 5 but the amount of this aic is disrcgaulcd, and could only be use¬ 
ful as an approximate double aic in case the seiies should by any accident be vitiated, 01 the 
mimbci of icpetitions foigottcn. These two bisections of the star, in the fiist and second po¬ 
sitions of the ciicle, wlucli tiiins altcinatcly to face east and face west, constitute the fiist 
jWfJ’ in the scucs; and consulcung the picscnl leadings us a new point of dcpaitiue, a repe¬ 
tition of tlie same opciation will give the second pan of the scucs, which may now be de- 
sciibcd in a few wouls, fust by making tlio bisection with the telescope in connexion with 
the cuclc, and then aitoi icvcision with the level in connexion, and in botli situations peifectly 
adjusted. Tlicn when a third, (ouith, &c lepotition have boon caiefully gone tlnoiigh, the dif- 
foicncc hetwoen the index cnoi and final leading when 3G()®, 720°, &c liavp been added 
to it, aftci being divuled by the numbei of hisoctions of the stai, or by double the num- 
bei of icpcated opoiaUoiis, will give the siinjilc arc lepiesonling the apparent zenith distance 
of the stai, and fiec fioin the existing cuoi of collimalion, wlncli in each levciacd position 
changes its sign. A similar pioeess may be obtained with equal ease, by measuung double 
aics of altitude instead of those of zenith distance, when the level is suspended so as to turn 
lound on pivots, and the ciiclo is fuitnshctl with a stop that limits its plane to a veiLical position, 
when tinned over its hoiizonial axis, to the contuuy side of the pillai , foi then the telescope 
13 depiesscd below the lioiizon aftoi such tuiniug ovci, as much as it was elevated above in the 
fiist position in olhei icspccts the opcuition of lopcaling is the same as by the method of 
double zenith distances, and tlie figuung of the divisions maybe engiavod accordingly, or 
othcnvisc the cowip/<?»ien/i of the leadings maybe substituted foi alliUulos. When the sun, 
moon, or a planet is obsoived, the upper and lowei limbs must be taken alternately an equal 
numliei of tunes, and then the mean will give the zenith distance of the ccntie. 

11. Example,—Wa will lake as an example for the molhotl of obtaining vertical angles by 
lepctition, the obseivations made at Bitnknk of the pole slai bofoie and after its upper ineu- 
dian passage on Decombci 19 , 1808, m which seiics tluiteen icpetitions or twenty-six single 
aics were gone thiough to obtain the tiue latitude of the place, which had been picviously 
detounined to be 51'^ 2 ' {j!‘. the apparent declination of the star was 'then known to be' 

8x2 
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88° 17 '41" 4<1, and consequently the zenith distance Z(=:D—it) was 37° 15’ SG",-!!!} the 
Flench baiometer was at 0.75425, and the centesimal tlieimomelei at —4i\ When the voinieis 
had travelled twice lound the ciicle, the lemaining aic was 248° 38’ 4i5‘’.46, and 9G8° 38’ 4i5“.4iG 
divided by twenty-six single aics give 37° 15'20".21=2, 01 measuied zenith distance 'fho 
times at each bisection weieicgisteied, as in the subjoined type, as they diffei fioin O" 24'" 44’, 
the time of the star’s meridian passage, 


True times of 



Pai 11 of re- 

Pflitll of re- 

observation 

ilorary 

angle 

diictioii 

duction 

Hp Mp 

s, 

Ml 

s. 


+ 

23 57 

2 

27 

42 

1504".7 

5",49 

58 

18 

26 

26 

1370.4 

4 55 

59 

6 

25 

38 

1288 .8 

4.03 

59 

47 

24 

57 

1221.0 

3 62 

i 0 

27 

24 

17 

1156.8 

3 25 

1 

5 

23 

39 

1097 2 

2 92 

1 

46 

22 

58 

1034.8 

6.60 

9 

26 

15 

18 

459 5 

1.06 

10 

10 

14 

34 

416 *6 

0.42 

18 

57 

5 

47 

65.7 

0.01 

22 

23 

2 

21 

10.8 


22 

59 

1 

45 

6.0 


25 

43 

1 

1 

2.0 


29 

19 

4 

35 

41.2 

0.01 

41 

59 

17 

15 

583 .9 

0.83 

45 

54 

21 

10 

879 0 

1.87 

46 

36 

21 

52 

938.1 

2.13 

47 

12 

22 

28 

990 3 

2.38 

47 

52 

23 

8 

1049 8 

2.68 

48 

31 

23 

47 

1109.6 

2.99 

49 

3 

24 

19 

1159.9 

3 26 

50 

21 

25 

37 

1287 -1 

4.01 

51 

4 

S6 

20 

1360.1 

4,48 

52 

47 

28 

3 

1542.9 

5.77 

54 

40 

29 

56 

1756 8 

7.47 

1 0 

18 

35 

i_ 

34 

2478 8 

14.89 

I Vol. 1. 
99-1 

PP-l 

. 01.3 

Fail I. 

24811.8 

i 

80.72 


Part II. 

+ 80 7 




Sum. . 

24892.5 



For the Reduction, 
(Vol 1. p. 329) 


Log cos i . 

Log cos , 

Log sin Z , , 

Const, log . . 
Log 24892 5 . . 

Sum . . . . . 

Log 26 sub. , . 

lleduc.= 29 '’.GG . 


. . 9.798546G 

. . 8 .4735794 

. . 0 2189S2S 

. 8.491058b' 
. . 4 3900685 

. . 9.8871273 

1.4149733 

■ M lPi yf H | ll I I 

. . 1 .4721540 


For the JMlitade. 

Zen dist. obs. (Z) 37° 15' 20".9I 

Coi .for level h 0 " 68 
Eefi action -|-46.41> +17.4-3 

Reduction - 29 . 66 ) 

I " I P p I P ^1 W P Sit iih H I 

Mend. Z .... 37 13 64 

Polai dist. of * . . 1 42 18 .59 

* 1 •* I * • I il ■ 11 II P . 4 ^ 

Co-latitude . . . 38 57 56.93 

Latitude . . . 51 2 S .77 


X% Though it IS agieed on all hands that gieater accuracy may be obtained by a lepcat- 
mg cucle, than by any other having the same ladius, where tune and tiouble are of little com- 
paiative unpoitance ^ yet there aie many objections to its use, which do not apply to the alti¬ 
tude and ajjunutli cucle, and which have been enumerated by an aitist who has unpiovecl both 
constructions, and has had fieluent opportunities of making the leq^uisite compausonSi Wc 
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will tberefoic conclude oui section with a list of the objections alluded to, as given in the be¬ 
ginning of the fiist volume of the Memoiks of the Astionoinical Society of London. 

" 1 The oiigin of the lepeating ciiclc is due to had dividing, winch ought not to be tole- 
latcd in any instiumenl in the picsent state of the ait 

“ 2. Thcic aie Ihice souiccs of fixed eiioi which cannot be exteiminaled, as they depend 
moieon the inateiials, than on the woikinanship, fiist, the zoio of the level changes with va¬ 
riations of lempeiatuie, secondly, tlio icaistance ofthccentiewoik to the action of the tangent 
screws, and thiidly, the imperfection of the screws in piodiicing motion, and in accuiing pei> 
manent positions 

“S. This iiibtiumcnt is applied with most advantage to slowly moving oi ciicumpohu 
stars, but in low latitudes these slais arc seen neai the hoiivon, wheie refraction mteifeies 

“ -I-. Much tune and labour aic expended, fiist in nuking the obseivations, and again in 
1 educing them 

“ 5. When any one step in a seiics of obscivaUons is bad, the whole time and laboui aic 
absolutely lost * 

“ G. When the instillment has a telescope of small powci, the obseivations aic cbaigod 
with cirois of vision, which the icpcating punciplo will not cure; 

“ 7 . This instiuracnt cannot bo used as a tiansit instuuucut, noi foi finding the exact me¬ 
ridian of a place 

“ 8. Tlie stiucluie of the instiumont is unsightly, topheavy, and unsteady.” 

Some of these objections howevci, it must bo allowed, apply to othei small instuunenls, 
though to few of them in the same degree. 

13. Before concluding oiu icraaiks on the* icpcating ciiclo, it is but justice to state, that 
it is capable of being used with advantage in deleimining the /omth distance, 01 polar distance 
of a star, without the assistance ol the icpcating piinciplc j foi when the back telescope and 
ciicle aie well damped, with the /eio of the limb dnecled to the zenith or pole, a soricji of ob¬ 
seivations may be taken with face east and face west allernatclyj by keeping the bubble of the 
level in the same place at all tunes, in the same manner as the altitude and aziinutli circle is 
employed, citliei on alternate nights, or on the same night, by icducing to the inciulian; and 
as the ciiclc can be tinned lound to a new position after eveiy sorics, considerable accmacy 
may he obtained by the aid of four vcinicis, by reversing in a/umuth and changing the circle’s 
position occasionally, notwithstanding cadi vcinier does not separately icnd to gicater accniacy 
than 10". 

I 

^1 l■lll■l t lu ll > I » n i IP 11 SI ■■h 

« 


§LXXV NKW KKPBATINO CIRCLE BY GEORGE DOLLOND, [;Plauj;XXIV Fic^ 2] 

1» About the time when the AsUonomicul Society of London was fiist formed, in 1819, Mr 
Geoige Dollond had conluved and constructed an instrument of a portable foi measur¬ 
ing both hou/ontal and vmtical angles, the constiuction of which is an union between the alii** 
tude and a/muifh, and the icpealuig cuclcs, and paitakcs of the piopeities of both* A shoffc 
idescuption of tins instuunent is given in the fiist volume of the said yociety's MlmoibSj ac*. 
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coinpanied by an engiavitig by Tiurell, which icpicscnts m peispcctivc all Ibo paite tlial can 
well be shown at one view, and which is the same that is contained in fig. 1. of oiii plate 
XXIV. We will clescube the lowei pait of this instalment fiist, paitly fiom an examinaUon of 
the lepiesentation befoie us, and paitly fioin oui lecollection of its structuic when exhibited to 
the Society, and will then pioceetl to the uppei pait, in the oidoi just the rcvci&o of that 
adopted by the makei. 

2 The tiipod that founs the base of tins instimnent is a tiiangiilai fiaine, having tiueo 
pans of equidistant aims sepaiatcd at the extreme ends by as many upiight sockets, and about 
the middle of each by stiong cyhnducal rods of biass, while the cential paits me united by a 
strong peiforated cylmdei, that constitutes the cenlic of motion of the siipciiucuinhcnt jiuits of 
the instrument. Thethiee sockets, uniting the extierae angulai points of the fi.mie, admit the 
feet sciows to ascend into them, and to act with thoii infeiioi ends m making the piinoipal ad- 
[ustmenl of the instiument’s position. Two of these feel scicws aio well seen .it a .iml h, and 
the third ispaitially visible at c. The houzontal cucle, which is twelve niches in diainclci Iia« 
a socket foi its cential axis, as long .is the sockets of the feet sciews, the cxtciii.il luce of winch 
fits the largei fixed socket, uniting the cential poitions of the tupod’s fiarac, and flic inlernal 
boie admits the solid axis of the stiong oblong plate d> which covcis this pait of the frame'. 
The flanch, oi ciiculai plate, to which the cucle and its tubulai axis aie both made fasi, is so 
fonned at the cnciimfeience as to admit of a stiong clamp Uking hold of it to fix it to the up¬ 
pei pait of the flame when neccssaiy, the thumb sciew of tins stationaiy clump may bo seen 
neai the foot sciew e, within the ladii of the cucle. To the lowci face of the stiong pl.Ue d 
thiec verniers arc sciewed fast when .adjusted to equal distances and to the face of the cnole, 
which veimoib theiefore icvolve with the s,nd plate. The pimcipiil vcimer, next to the foot b, 
has an attached clamp and tangenUsciew foi giving slow motion in a/iinulli, wlioii fho cucle is 
made fast by the mfeiioi clamp embiacmg the fl.uich Each veinior has its own attached mu 
Cl oscoge for viewing the divisions. Besides these essential p.ut 3 of the lowoi h.ill of ibc'iiu 
stiiimont, theie is anew contiivance foi WiVtching the stability of the lioiizoiilal cucle while 
the veimeis aie moving ovei it, in its fixed state, this consists of a delic.Uc level, c, clamped 
to the limb of the cucle and connected with a suppoiting fiame^J by moans of its pivots lu 
such way that the smallest motion of the cucle, that caiiics the love!, will disphicc the bubble, 
by lifting one end of the tube sufficiently to pioduce this effect. IIow fai this conluvanco la 
competent to the purpose of giving dohc.ite indications wo cannot affirm fiom any cxpeiieiice 
of oil! own The weighty acts as a counteipoise to this mechanical contiivance. 

S On the oblong plate d aie fixed peipcndiculaily foui pillius of bia,ss, in pans piiiallol to 
each othei, one of which we will call the fiont and the othei the hack pair, as they logaid Uie 
cucle in its present position. Those pans of pillais aic icspcctivcly united logethei by stiong 
shoit bais at then upper ends which beai the Vs holding the pivots of the telescope’s houzontal 
axis, one of them having an adjustment by contiaiy sciews for houzontal position, as in the 
transit-instrument The telescope passes thiongh' and is made fast to the thick jiail of iho 
tiansverse axis, which is hollow and lescmbles that of the transit-mstiumenl} and a giaduated 
circle of SIX inches m (hametei seen at the fiont side of the telescope, is fixed on Iho same .axis 
at a little distance fiom the front pivot, and is lead by a pan of voimors, made fast (o tlic cross 
bar coimectmgthe pillars, m older that when the telescope is used in the meridian as a simple 
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transit-instrument, the altitude oi zenith distance of a star may be i egulated by this circle and its 
tangent-sciew when clamped. When this use is made of the instrument, no attention is paid to 
Ihepiincipal vertical ciiclo and its appendages, winch we have yet to describe. We may heie 
state that the focal distance of the telescope is seventeen, and its cleai aportme two inches; 
it IS supplied with ,eye-pieces that magnify twenty, thnty, fifty, and one hunched times, as 
the obseivation may loquiie, and has powci and light enough to show the pole star by day¬ 
light, undci favouiable cucumstances. The eye-end has five veitical and tliiee hoiizontal spi. 
(dot's lines, the Uttci of which aie adjustable for collimation in altitude, and the foimei we 
must suppose placed so by constiuction, that the optical axis passing tlnough the middle one is 
paiallel to the plane of the veitical ciicle, winch is essential even in the operation of repealing. 
A lantern with a bent chimney, and having a pan of notched plates alieady dcsciibed (§ XXII 
(5.), for limiting the ti ausmitted light, is applied bcfoie the i emote pivot, and completes the 
transit poition of the instuiment, since the tangent-sciew of the hoiizontal ciicle will adjust the 
optical axis ol the telescope into its mcudiau position, provided, as wc have supposed, the raid- 
ilje vci tical line is all eady in the axis of vision, but if not, tlio side screws at the eye-end of the 
telescope will be rcquucdfoi clfccting a moiety of the said adjustment, on icvcrsing the ends of 
the transvci se axis. 

4'. The veitical ciicle is fifteen imrhes in diameter and is road by three veimers, whicb,. 
like tlioso of the lowci, read each to 10" these veimcis are made fast to the axis of the to- 
lescope, so as to movo always with it, and one of them, seen between the fi oat pillai s, clamps 
the cade to the telescope when necessaiy, and has a tangont-scicw of slow motion. The axis^ 
of the ciiclc 13 a socket smromuling and nicely filling the telescope’s axis, which socket caiues a 
second small cuclc, of six inches m diamctei, at its lemolo end, ncai the back pivot of the- 
tiansvcrse axis, the sole use of which ciicle is, to hold a clamp ami tangent scicw made fast to 
the Cl OSS piece, lliat connects llie lops of the hack pillais, by means of which slow motion may 
be given to the veitical circle, and its position fixed. A second but shoitei socket, cxtcuoi to 
the one just dcsciibed, icvolvos lound it, and cau'ies a delicate level, It, between the large and 
small cuclcs, winch is /umishod with a clamp and adjusting screw of slow motion attaching it 
to the cuclc, as occasiorii may requuo. A connIcipoise, i, is screwed to the flanch of the vei’* 
nicis, to balance tlie clamp attached to the veimci opposed to it j and the reading microscope 
A, canied by the liont pilltus, leads all the ibicc vcinieis in succession, before and after a seues 
of observations have been concluded, tiie circle being gradually moVed round foi this purpose. 
The level of tlie transverse axis is of the hanging kind, and is suspended between the pillais 
over the sinfaco of the oblong plate d, by means of long descending bars, suspended by in- 
veited Ts on the ends of the pivots ol this Uansverso axis. The level m tins sitpation may re¬ 
main duiing an obseivation oi be displaced at pleasure, foi the hinges of the suspending bais, 
as at I, allow the Ts to be withdrawn, by then backwaid motion. 

6. We have not yet mentioned the finders applied to hmit the exclusions of the telescope, 
in Us hoiizontal and veitical motions, while it is directed towards the object of obseivation, 
iliese contuvances do not appeal in our figure but may be understood fioin verbal desciiption. 
A small poUion of liie hoiizonla'l ciiclo’s socket, or axis, piojects downward below the frame 
composing the tupod, and receives a double level so tightly pushed on by fiiction that it will 
keep any position given it, then, when the telescope is earned to the object in measuring angles, 
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one aim of the levei is biouglit into contact with a small pin pi ejecting fiom the lower face of 
the flame, and when the instiument is tuinccl half lound in a/iinulh, the othei aim meets with 
the same pm, and stops the motion at the piopei place, wheie the telescope must be icveised 
to find the stai again the olhei finclei icgaids the telescope's elevation, and consists of two 
small levels that aic attached to its mam tube in such way, that, when the object is m the field 
at the fiist obseivation, moving one level, till the bubble stands m the middle of its tube, sends 
back the othei level lluough an equal but contiaiy angle, so that when the insluimcnt has 
been moved half lOund in azimuth by the lowei stops, and the telescope tinned back over the 
zemth, the second level is loady to indicate by its bubble, at wliat elevation the telescope must 
stop to find the stai again these contiaiy motions of tlie two levels loiind then ccnties aie 
produced by two pinions, one fixed undei the centic of each level at such distance fiom each 
othei as to include a cbntiatc wheel, that, acting with both pinions at tho same time, turns one 
by a diicct and tho othei by a retiogiadc motion, and inclines tho tubes of the levels alike, but 
in opposite diiections. the wheel is moved by a milled-hcad inseitcd on its own aiboi, which 
by its faction will letain any situation that it is tinned into This findoi must be seen m oidei 
to be useful, but would be moie sciviccahlo if it could be felt 

6 With icspect to the adjustments of this instiument, it is obvious that tho back level and 
foot sciews will place the beaung pillais vcitical, and that the lianging level will place the 
liansvetsc axis of the telescope hoiizontal, when the plane of the vcitical ciiclc must by con* 
stiuction be veitical and that the system of lines m the eye end may bo lectificd as they aic iii 
a tiansit-ulstiuincnt, paiticiilaily if the oculai side sciews wcio added. When the telescope 
IS biought into the meridian by the piopei means explained m om sections LVI and LVIT,, 
and both the circles clamped, it may be used to gam the tunc of the clock, the light 
ascension of a stai, with its azimuth and zenith distance, as an aUitiulo and a/imuth ciiclo, iii 
the mannci aheady diicclcd \ but as the clamping ciicles aio small in compauson with the 
othei paits of the instrument, tho clamps must be vciy good to keep 1ho ciicles steady, and 
the motion of the telescope m a veittcal plane both in ascending and descending. The opeia- 
tion of lepcatmg veitically is the same with this insluuncnt as with the one iininodialcly pic- 
ceding it, in the last section, but as this ciicle iievei dcpails bora its vcitical position, we have 
yet to show, how the measuie of an hoiizontal aic is obtained by repetition. As tlicic is only 
one telescope single aics only can be hcie icpealed, which may be done voiy simply thus, sot 
the vet nieis to zeio, oi othei point of the hoiizontal cuclc, by tiunmg tho ciicio only lound, while 
tho telescope is diiectod to the fiist object, to tho piopei place foi tho vcintcis to load, then 
clamp this cucle and turn the telescope to the second object, which will cany tho vciiueis ovci 
the single aic once, clamp the veinicis to the cucle, and release the lower clamp of the flanch, 
and go back with the telescope to the fiist object again, heic clamp tho cucle again and lelcaso 
the veinieiB, and come again to tlie second object, when the second single aic will have been 
passed oyci by the veinicis; and when the opciation of clamping first the vornicjs and then tho 
circle has thus been lepeated scveial times, while the telescope vibiatcs fiom ono object to the 
othei; alternately, the whole arc, as finally icad and collected foi the index ciioi, divided by 
the Rumbei of opeiotions, will give the collect single aic taken m a hoiizontal lino, oven 
thougli ono of the objects be moie elevated than the othei, because the veitical lines of tho 
ocular diaphiagm are, oi ought to be, by adjustment tuily vcitical. We undcistand that this 
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unique insUument was pm chased by Di. Scott, of Bedford Square, London, but we not 
awaie that any obseivations taken with it have been corainitted to paper, it will not be ejfpect^d 
of us, to give any examples of the work that may have been peifomed by it 
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§ nXXVI REPEATING TRIPOE [Pi ,ah XXIX ] 

1. If IS sometimes convenient to make use of a small instunnent, such as a poi table theodolite, 
foi nieasuiing azimuths, oi hoiizontal tciiestrial angles m a suivey, by convciting it intp a 
lepcating instiinnont, which may he done by the addition of a tupod having the means of 
supplying the icpcating piinciplc to an Iioiizontal ciiclc not ougmally foimed foi lepetition 
A tiipod of tins desciiption, made by G, TDollond, at the suggestion, as we understand, of the 
Astionomoi Royal, is lepiesented by fig. 7» of Plate XXIX., and answeis the puipose most 
salisfactoidy. The body of this liipod is foimed of mahogany, and biaccd by crosabais in 
the oidinaiy way at the tliice sides, as seen in the icpicscntation. it stands on thico fool- 
scicws upon a thico-lcgged stool or common tupod, ibi the sake of steadiness, and caiucs a 
stiong coveiing hoaid at its uppei end, lounded, with a contial pciforation, and projecting 
outwards foi bcaung a tangent screw of slow motion, of the spnal spiing oqnstinction 
[§ XLVI. 5 3 A conical axis, fixed to the con tie of a sui mounted triangnlai plate, descends 
10 the middle of tlio thicc-aimcd hiace that connects the feet screws, by means of winch and a 
level, eithci attached oi detached, it maybe icndcied exactly vertical by tiic usual adjustment. 
A cii’cnlai clamp made fast to the tupod suuounds the cyhnducal oi upper poition of the vci- 
tical axis, and by means of ils houzontal sciew, passing thiough the oai where it la neaily slit into 
two, will set it fast 01 lelcasc it as occasion may lequiic tlic tail-piecc of this clamp, which is 
of the constuiction desciibcd in § XLVI, 7, extends 1o the tangent sciow of slow motion, 
above mentioned, and is acted on by it in gaining the contact of a given object, scon through 
the telescope of the theodohto, oi other insluimcnt having an houzontal giaduatctl cucle. 
Each projecting comer of the surmonnied luangulai plate has a chainfcicd gioove extending 
flora the cxtiomc end towards the centic, upon which tlio fccL-sciews of the theodolite aie clc- 
mittcd, and as they aic usually placed at equal distances from one anothoi, the only position 
that the snpci-po,sed theodolite will take on the tupod will he conccnluc, oi as newly so ns 
good woikmanship can make it, and when tins takc§ place, the two instruments become con* 
nected, and foun a lepoating insUiimonl of the simplest constiuclion j oi snob ns will repent 
the measuicment of single aics, that foun sepaiate measiucs of the angle to bo ascertained by 
repetition. 

2. When the theodolite ip placed on the tripod, its level will solve to place first the axis 
of the tupod vcitical, and thou its own axis m the same situation; and when the usual adjust¬ 
ments of the telescope and hoilzoulal ciiclo aie completed, the vcimcrs may bo put to zoio, 
and the contact made with the flist object, by icleasmg the tupoePs clamping sciow and turn¬ 
ing it round on its veitical axis, in which motion the Iheodohle will participate, and finishing 
with the langcnt scicw, which gives a beautiful slow motion in either direction, without loss 
of motion in the sciew, then the bipod's axis being again clamped during the poptapt, the 
von. n. 3 u 
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telescope is turned to the second object, and the theodolite clamped nearly m contact with it} 
then tins contact must be completed by the theodolite’s tangent sciew, in which silualion a 
single aic, if read, would be indicated by the vetnieis, but the clamp of the tiipod being again 
leleased, the contact must be made a second time with the fiist object, and this clamp being 
again made fast, and the theodolite’s clamp leleased, a second contact must neiwt be made with 
the second object, when a double angle will be indicated and in like mannci as often as the 
two clamps aie alteinately leleased and the lespective contacts made, the final cuc will be tuple, 

quadiuple, &c. accoi ding to the number of i epetitions 

3 . Oui Astioiiomei Royal lately pioposed to deteiraine the pohu distances of ciicumpohu 
stais, flee fioin the effects of refraction, by means of an altitude andaimnuth ciiclo, that, being 
well adjusted, will fiist demit the points of gicatest elongation of such slai to the hou/on, 
where maiks may be made, and then measure the hoiizontal angle included between those 
inaiks, the middle point m which aic will be the meudian inaik, if the elongations be obseivcd 
aftei a shoit inteival Application was made foi a portable instrument to answer this purpose 
to the visitois of the Gieenwich instimnents m June 1827 , at the annual visitation, and it is 
undeistood that the hoiizontal angles aic intended to be mcasiucd with cxticme accuiacy by 
the aid of tlie lepeatnig stool, in the way that has been dcsciibcd As tins is a new method ol 
deteiraming polai distances, we will explain how il may be earned into circcl, by iliustialing 
the foimiila by which the obseivations may be i educed to polai distances. 

4 i. In the annexed flguie let 2 ^bethe zeUitli point of any given la¬ 
titude, HO Ra, poibon of the lionzon, P the pole of the cquatoi, and ^ 
the points S and 5 ', of the cucumpoUi cuclc S to S', the points wheio a 
star has the gieatest elongations, then Z P 0 will be a secondaiy to 
the horizon passing tlnough the pole fiom the zenith, and Z S PI and 
Z S'R, the two othci secondaucs, passing tiiiough the points S and S', 
will be tangents to the small ciicumpolai ciicle. Now, as lefi action 
takes'place only in a veitical cnclo, the linos P;S and P S', lepicscnt- 
ing the star’s elongations, being paiallci to the hoiizon, will not be af¬ 
fected by refiaction, and when the points S and S' aie dcmitted pci- 
pendiculaily to the horizon, by a telescope having motions in altitude and aziinulii, they will 
fall at H and B iespectively, and the slicH R will be the measure of tlic whole angle IIZ R, 

being the aic of a great ciicle 90° fiom the zenith, and meeting Z11 and Z R at light angles. 

Then to find the polai distance of the stai S P, oi S' P, wc have in the iight-.'Uiglcd splioiical 
tiiangle Z S P, oi Z S P, Z R £qi the co-latiiude, which wo will call X, and the angle P Z <V, 

01 P Z S' equal to half the angle IIZ R which wc may call i, $ denoting the arc II0 R, which 



measures double the azimuth, also we may designate either of the peipendiculais, PS and 
PS, by the chaiactei A 5 then by Napier’s lulcs foi the circular parts we shall obtain the 
formula. 


Sin A=sin X sin 

2 


(a) 


5, The application of this formula will be easily undeistood from the work of the two sub 
joined examples 
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R.vample 1 —If \vc take the angle e, as cleaved fiom the points of gieatest elongation of 
llu' pole stai, supposed to have been obscived at Gieenwich, = 6 ^ 8 ' which is the angle 
line to the appiucnt polai distance 1 *^ 3G' 9", given in the Nautical Almanac Januaty 0,1828, 
ind if wo assume the coJatilude of Gieenwich “38^ 31' 21 ", then we shall obtain A by the fol¬ 
lowing simple pioccss, m 

Log smX™38" 31' 21 " . . .9 7943639 

Logsin:^s- 2 34 21 6 , , 8 C522549 

^ ■ I P t, * wm^ n ■ il P P 

Slu A = 1 ;3G f) 0 . ... 8.4460188 


EiVample 2 .—The appaicnt polai dibUvnco of y Uisaj Minous will be 3“ 24i' 47".44- on Ja 
niiaiyO, 1821), and the angle e couesponding theieto at Greenwich will he 10'.58'14",28, 
which wo will take as the angle obseivod fiee fiom lefiaction, then we shall have 


Log sin X 38" 31' 21" . . . . 9.7943639 

Log bin® - r> 29 7.14 . . . 8.9801.155 

V 

/ .... — 

LogsmA 3 24 47.44 . 8.7747794 


In like inannoi if wo take ~ =24" 47' 44".5G, for jSUisix! Minoiis, we shall have A15" 8 ' 28".95. 

0 This inathod of gaming the appaiont poUr distance of a stai, free fiom icfiaction has a 
fiuiher advantage over the common method of measuung the veitical angle m this lebpect, that 
an cuoi in tho codatiliKlc of the place (X) aiising fiom lefiaction will not aifcct the polar dis¬ 
tance (A), deiivcd fiom it, in so gicat a degree* This piopcity may be thus eisplamed 5 if we 
lake s to be a constant quantity, since it is chaiged with no error except that of observation, or 
of llie divisions of the instunnent, and considei A and X vaiiable, by differentiating the equa- 
lion (a) we shall have 

£ 

Cos A ♦ r/A =: cos X. . sm ^ 

2 

cos X * sin dX 

and rfA r: ---— , , (i) 

cos A 


By the aid of tins latter formula ( 6 ) wo can nOw assume the co-latitude 1" too much, and see 
what efibet sucli assumption will have on the value of A, thus, 


I 


I 
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I 


3 U 2 



REPEATING TRIPOD 


li 



Fdf PdlariS 


For y Ursffi Minous . 


Cos % 38° 31' 21" 

. 9.8934-087 

Sinl 2 84 24-.4-1 
2 

... 8.652254)9 

liX = 1" . . 

. . 0.0000000 

Sum . . . 

... 8 .54-56636 

Cos A 1“ 86' 9" . . 

.. . sub. 9.9998301 

dA = 0".0852 . 

. . 8.54-58335 

Cos ^ as befoic * . 

. . 9 8034-087 

Sm 1 5° 29' 7".14 . 

2 

. . . 8.9804.155 

^ 1 « i # * 

. . . 0.0000000 


8.873824-2 

Cos A 3* 21-' 27".4-4 . 

sub. 9 .9992290 

c?A = 0. 074.9 . . 

. . . 8 , 874 - 59.52 


. . . ■ ■ ■1^ I —> 1 1 I III |l|l|l t 


Foi (i Ulsae Mmons by a similai piocess, will come out r: 0^3399 ? so that tins iliflTeren- 
tial seems to be neatly propOitional to the polar distance of any circumpoUr slat. 

7 . The piincipal difficulty attending the piactical application of this method of detci* 
mining polai distances fiom the houzontal angle e, 13 the obtaining of the exact places of the 
maiks proper foi stars observed in the night, which can only be done by leaving the insti u- 
ment m the position given it by the observation, till it can be icfened to the lioiis^on by day¬ 
light , atid on this Account it will not be convenient to observe moie than one ^lar by the barnc 
instiuihent dtlhlig any ^nlgle evening, unless it be laigC enough to be seen while the maik is 
visible. Such obseiyatldilS taken of well known stais will Iiowovei bo found Very useful in 
asceitaibing the tiilb plfcce fdi a meuclian mark, when the houzontal ciicle indicates single 
seconds, 01 when the icpedting punclple can be applied to a portable inslrunient that is too 
small W admit 6 f sip^le leadings of so ininute a quantity* Hence obseivations of the pole-* 
star’s gieatest elongations have pioved pcculuily sciviceable m tugonomotrical suivcys, with 
legard to the bearings of the principal lines j for by a tiansposition of oui foimula (a) we have 



which is of easy application, when the latitude of the station, and polai distance of the star at 
the given time, aie previously known* 

S In the piactical application of these formula, it is necessary that the polar distance of 
the Star diosen be less than the co-latitude of the place of observation, that it may pass 
between the zenith and the pole j and thch, since Z S P is eqdal 90°, the horary angle of the 
star may bO found by the following formula, 

* I I Cos ft = cotan 5 * tang Jj .(d) 
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where h represents the hoiary angle, J the decimation of the star, and X, as usual, the latitude 
of the place. 

Example op uiib Pole-Star ' 

Cotang 5 ... 88° 23' 51". 8.44.67887 

Tang L ... 51 28 39 . 0.099044.8. 

Cos A = . . 87 59 9 .83 or 5" 51™ 56’.G5 8.5458335 

Then app. raeiidian passage Jan. 0, 1828 . = 0" 59"^ 29".4? taken fiom the Naut. Aim. 

± 5 51 56 65 = h 

Sideical tune of gicatest eastern elongation . .6 51 26.12 
Ditto of western ditto ... 19 7 3® >82 

ExAikPLL OP 5 Ursa; Minoris. 

Cotang S ... 86° 84' 44.".l6 . 8 .7765000 

Tang L . . 51 28 39 . 0.099044.8 

i ii i i H» ^■ I i m 1.11 n II • r~ ~. . 

Cos h = , 85 41 36 or 5" 42"' 46" 4 . 8.875C0<i.8 

Then app. mead passage of ^ Uissc Minoiis . 18 28 55 .1 foi Jan. 0, 1828. 

> III! I ' I I ■■ ir . II .— ■ * 

Sicleieal time of gicalcsl casteiu elongation . 0 11 d<l .5 

Ditto of western ditto . • . 12 40 8 *7 




{ LXXVII EQUATORIAL INSTRUMENT [Vh^m XXV] 

h When wc desenbod the equaloiial oi paiallactic stands, for directing the motion of a telo'* 
scope along a paiallel of declination, in § X., we stated that the most perfect stand that a 
telescope can have, foi effecting this puipose, is a laige equatoiial instrument, famished with 
giaduatcd circles, and having the nicci adjustmcnls^^^ The basis of all eq:uatoiial iusUuments 
is a revolving axis placed paiallel to the axis of the caith, by which an attached telescope is 
made to follow a stai, oi othei celestial body, in its aic of levolution, without the trouble of 
lepeated adjustments foi changes of elevation, that cuclcs with vertical and horizontal axes 
requuG. Such an instrument is not only convenient, but essential m examining and measuring 
the relative positions of two coutiguons bodies, or in determining the diameteis of the planets, 
when the spider^s-lnie miciometcr is used* So long ago as m the yeai 1544 John Muller,,some¬ 
times called Regiomontanus, contuved his iorqiict, which is described to bo a species of portable 
equatoual, and Tycho Brah6 called some of lus instruments equalormt but until telescopes 
wcie invented, these contrivances might be consideied lathei as machines ,of explanation tlian 
as InsUuments of observation. Chuslophoi Schemei was piobably the first astronomer who, 
in the year 1620, soon after Galileo had invented the dioptric telescope, made use of a polar 
axis, but without any appendage of giadualed circles. It was not until the year 1741 that ilie 
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raeanb of determining the appaient place of a moving body weic added to the polai axis by 
lleniy Hiiidley, an ingenious clockmakei of Yoik, who, accoidmg to Smcaton, affixed an 
equatoiial plate, a qiiadiant of latitude, and declination semicncle to his axis, and lacked the 
edges to suit endless screws, which at the same time gave motion to a icfiacting telescope, and 
ineasuied, by a species of miciometei, the elevation and angulai motion of any body, without 
tlie assistance of giaduated ciicles. This mechanism was sent to London foi sale in 17 < 1 « 8 , but 
was not disposed of till the yeai I 76 I, when Mu Constable, of Baiton Constable m Yorkshire, 
puichased it foi the puipose of observing with it the tiansil of Venus ovci the sun^s disc. 

S Ml Shoil howevei piofited by his inspection of Ilindley^s instuunent, and gave to the 
lioyal Society of London his Desciiption and Uses of an Equatoiial Telescope winch was 
read on the 7 th of Decembei, 174<9, and published in then Tiansactions, Tins ieloscope was 
of the leflecling land, and was mounted ovei a combination of circles and scmiciiolos, that 
weie stiong enough to suppoit a speculum of the Giegonan construction of eighteen niches 
focal length. About the yeai 1779> public attention was called to the convenience of the 
equatoual mounting of an aclnomaiic icfiacting telescope, andvaiious moclilications of the 
instrument weie executed by diffeient instunnent-makeis, butparticulaily by Naiuic, Itamsdcn, 
and the DoUonds Nmine, it is said, was assisted by Ludlam of Cambudge in the formation 
of his plan, and Ramsden, always depending on his own copious rcsouiccs, took out a patent 
foi his constiucUon in and, having made a convenient auangoment of the cncular 
poitions, added a lefiaction appaiaius to the cye-piece, which, by means of a small quadianl, 
'level, and miciometucal scicw, enabled him to move the hoiiKontal wiie m the field as much as 
the 1 efraction at any given altitude displaced the object obscivod. Those uistrumcnts were 
made on a scale to leiidci them poitable, and theicfoie did not admit of poweiful iclescopCK 
being suppoited and steadily guided by tliem, though they were necessarily expensive, from 
the complexity of then constiuction The large mstiument made by Ramsden, foi Hu Geoigc 
Shuckburgh, maybe consideied as an exception, but the fiame-woik was found too slendei foi 
the length of its polai axis, and it lemains at Gieenwich, a pioof of its formei piopuolor's 

munificence, lathei tlun of its makei's success in the sliength and stability of its essential 
parts. 

3. About the )ear 1795, Captain Iluddait, of Highbury, undertook the constiuction of a 
laige equatorial instrument, in the foimation of which lus object was to unite strength willi 
lightness, by making its body entiiely of tin plates, biaccd and soldciod logothci in diftbicnt 
duccUons, and, calling in the assistance of Tioughton, to finish the buiss woik, which 
the tinman could not accomplish, he succeeded in pioducmg a constiuction that combines all 
the requisites of a hist-iate mstiument, and having been itnpiovod by the addition of now 
parts, since it came into the possession of Mr. South, this valuable piece of meduunsm, by 
means of its siipeiioi telescope, has peifoimed a gieat set vice to astionomy, in giving conort 
measures of the lelative positions and distances between double stais, by the aid of a dolicatc 
spider sdine miciometei In p^ifoiming this woilc, the equatorial and declination ciicles weie 
found veiy useful as of the stars to be obsoived, and also as giving the appioxunatii 
places of such as had not been pieviously included m the catalogues A desciiption of the last 
named mstiument has been given by its present possessoi, with a icfcrencc to plates of illus- 
tiahon, m Part,^L of the volume of the Philosophical Tiansactions of London foi ISS-k, 
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which must be in the recollection of oui leadeis, and wluch wc need not repeat* With lespect 
to the poitable constiactions, and Sii Gcoige Shuckburgh’s, we have had occasion to give de- 
tailed accounts of them in anoihei publication (Cyclopasdia by Di A Rees), wlieie oiii 
leadeis wilHind then compaiative meuts contiasted with each othei* llamsden’s equatoiial 
has also been mmulely desenbed by the late Ihofessoi Vince, in his T}cait6e on Vractical A$^ 
tionomy, 

'k Mr. Tioughton was prevailed on to make a new equatorial in&tuiment foi Mi J. H. Ma¬ 
gellan, in 1788 , of laigei dimensions than had been picviou&ly eonsti acted, with the exception 
of RainsdcuNfoi Sii Gcoige Shuckbuigh, which piecodcd it about thiee yeais tins instru¬ 
ment was sent to Coimbia, whoio it has been little if at all used, and whcie consequently its 
incuts have bccu withheld horn the public. On this account, and because Mu Tioughton 
considcH tins as the best model of an insUument ioi such a pmpose, we have selected it foi 
the subject of oui piesent section, m piefcicnce to his othci equatoual now used at the 
Armagh Obseivalojy, We may howcvei just mention that this latici is foimcd of two cones, 
uniting at the intoimcdmte ciicle that constitutes the boiaiy ciiclc, moving in the plane of the 
equator, on pivots united by conical tubes meeting at the poles, ancbconlaming withm it the 
circle of declination and iclescope, with the honz;onial axis of motion icsting on the urn of the 
saidhoiaiy cnclo. These two equatoiials aic both descubed in thewoik to which we have 
just icfcued, the plates of which aie oiigiavcd by that late eminent aitist, Wilson Towiy* As 
we woie assisted m the composition of the aiticle in question by Mi. Tioughton lumsclf, we 
shall have no hesitation in availing ouiselves of it m the lemaindci of this sccUoin 

5. The CoimOra Eqiialot This insii umont is of that kind which is called umve) sal^ being 
adapted foi all latitudes, and may be considcied a^moveahk, in opposition io Jived, but can 
haully be said to be pot lahlc, as li stands seven feel high, and is too bulky to be caiucd by one 
poison, Male XXV exhibits a pcispoclivc figuic of this excellent uistinmcnl in its equatoual 
position, the diCfoioui parts of which we pioposc to dosenbo m the older of thou ascent fiom 
ihegiomub The suppoit is a liipod of mahogany, well braced by cioss bars at the Ihice 
sides, and canies a ciicular table its upper end* The fiamo of the tiipod is fiuther united 
by lluce vclUcal pillais lound the ccnlie, one of which is removed m the diawmg, to expose 
to view a moie essential part* Immcdialcly ovei the table, and paiallel to it, is a very stiong 
a/amuth ciicle oi’ biass, twonty-foiu inches in diameter, this cuclo lests on its conical axis, 
passing througli a collai of brass, attached to the ccntic of the table, the point of which axis 
IS suppoiTcd by a stud made fast to the centre of the tiipod This Icngtli of axis keeps the 
azimuth cucle steady under all ciioumstanees of motion 01 icst, which is of the gicatp*st im¬ 
portance, 'Fho tupod stands upon tlnee equidistant feet-seicws, wluch seivc to adjust the 
circle into a tuily houzontal position, and ihieo liandles, having each an univeisal joint, take 
hold of the said scicws, and enable the obseivei to make the adjustment in an erect position 
The appaiatus for quick and slow motion is attached to the table, and clamps the adjoining 
cucle, As throe vcimers had not been thought of when this plan was adopted, two only 
'"were applied opposite to each othei, by being made fast to the table, but in such way that they 
aie capable of adjustment foi position whenevei the table and frame alter by shanking, 01 
otherwise, Two veitical supporters of brass fiame-work aie erected on the plane of the 
azimuth circle, one at each side of the centre, which aie too clearly seen to lequne a paiti* 
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cular leference by letters of indication, these suppoiteis have tborcfoie a motion in a?imutli 
in common with the ciicle the distance between them is nineteen inches, and an honvontal 
axis of the same length holds them togethei at then uppei cxticraities The postcaoi sup. 
poitei has an appaiatus foi lendeiing this axis peifectly hou?ontal, winch is not seen in the 
hguie. At the middle of this axis, winch may be called the axis of latilude, is a solid cube of 
biass, to which the long biass socket is made fast, which is inclined, and tlnoiigh which the 
steel polai axis passes by good fitting, exactly at light angles to the axis by consliuctioii. To 
the lowei end of this polai axis the equatoiial oi hoiaiy ciicle is made fast, also at light angles, 
and on its sapeiioi end, above llic axis of latitude, a small pJatfoim is fixed, with paiallcl sides, 
to beai the supeistiuctuie. The equatoiial ciicle is divided so as to show a single second of 
time, by each of its two opposite voimeis, earned by the lowci end of the socket in winch 
this ciicle*s polai axis turns. To each pivot of the axis of latitude is made fast ii quadiaiit, 
one giaduated into 90° and its paits, and the othei containing 9b spaces and its subdivisions, 
by paiticulai desiie, as a check on the foimei, the veinieis being placed, in an adjustable 
manner, on the uppei ends of the lespeclive suppoiteis flic use of those quadianls is to 
place the polai axis exactly paiallel to that of the eaith, which is an nnpoilant adjustment. 
Upon the plane of the azimuth ciicle, and between the suppoiteis, aie fixed two good spiiit 
levels, at light angles to each othei, which, by the assistance of the fect-sciews, eiiahlo tho 
obscivei to place the cuclc *3 plane exactly hoiizontal. 'Ihe mechanism, loi adjusting tho 
inclination of the polai axis and its socket to any given quantity, is seen above the phuie of 
the azimuth ciicle, neai its ceiitie; and tlic two lows of peiloiated liolcs acioss its duunoler 
serve to fix It at anyicquiied distance, the nppci end of the cylmdci, piojccting at light 
angles fiom the inclined axis, is attached to a bioad ung ombiacing the soekel, which will 
slide up and down according to the distance of the pan of holes that it may he sci owed to on 
the plate, tlien an iimveisal joint above the holes allows the sliding motion to take place down 
the socket of the axis, till the mciinalion is neatly light, when the milled head of tlio seiew 
that enters the cylmdci being tuined, this slow adjustment will complete the iiicliiuition, pro- 
vided the mechanism be sciewed fast to the plate by then piopci holes. It is easy to perteivo 
that, when the suppoiting cylmdci stands at light angles to the socket of the polai axis, which 
can have no latcial motion by leason of its long axis, the position of all the pails must bo film 
and steady, and the equatoiial ciicle will always move in the plane to which it liiih thus been 
adjusted. The neaiei to the bottom of the socket the img holds it, the fiimei will bo the 
position Again, upon tho platfoim above the poku axis aic fixed a second pan of smaller 
suppoiteis, at the distance of fifteen inches fiom each olhci, united, at tholi uppei endb, 
by the axis of the declination ciicle, these supporteis being connected with the cquatoiihl 
circle, by the intervention of its polai axis, paitake of its ciiculai motion at all timcK, and 
bear the cucle of declination, oi meudian cuolo, and also the telescope suimounicd ovci all. 
At the uppei end of one of these smallei suppoiteis an appaiatus is attached for adjusting the 
axis of the declination ciicle to a light angle with the polai axis, winch is anothoi important 
adjustment Undei the declination oiicle may be seen tho two milled heads of a tangent 
screw of the clamp, thatpioduces slow motion of this cucle when fast, and quick when ic- 
leased. Both faces of the declination cudle aic divided, one as usual into dogiees and paits, 
which reads with its own vcimer made fast to the platfoim, and the othei, by desne, into four 
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times mncty-aix divisions, with then subdivisions, indicated by anothei veimei, attached also 
to the pliitfoim. Each veimci leads to the accmacy of 10" only, but might be fuimslied with 
a loading iniciostope The miincumbeied situation of the telescope, which has a focal lerigth 
of thiec feet and a half, is cleaily intelligible without fuithei dcsciiption, the suppoititig bai‘s 
being seen, some attached to the declination axis, and some to the ciicle itself, As the do* 
clination citclc is complete, the telescope will take obseivations in any altitude, and follow a stai 
without impctbmonl foi any length of tunc A vciy sensible spiiit level with adjusting sciews 
IS made fast to the uppei edge of the declination cuelc, in the diiection of a tangent that is pa- 
lallcl to the line of the telescope’s colhmation. Upon tlic uppei suifaco of the telescope’s mam 
tube aio mounted hvo small nncioscopes, that leail the plumh-linc suspended altcumtcly at op¬ 
posite cuds ot this tube, as it regauls a fixed point made on the tube, which is used foiTevelling 
the declination axis. Indeed many of the adjustments may be veiified both by the levels and 
plumh-linc. Tlic telescope has, as usual, vaiious cyc-picces, dnccl and icfledting, foi viewing 
the stais at all altitudes, and iindin all ciicnmstanccs. Lastly the refiaction appaialtis, invent¬ 
ed by Ramsden, was inaile an appendage to this instiumcnt, that the moveable wiic m the 
focus might give the tine instead ol the appaient place of a moving body, sofai as lefiaction is 
concerned, to save the liouhle of compulation. As the poliu axis of this instiument inay ion-' 
dily lie fixed in a veilical position, in which case the cquatoiial ciiclc becomes painllcl to the 
aziinnlli cuclc, it may be used (oi all the puiposes to which an altitude and azimuth circle can 
bo applied, winch wo have aheady c\])Uuued. The instimnerU we have heie desenbed is the 
only one of ihe same ooubtiuetioii, that has been made on so laigo a scale, but scveial small 
ones have been consUuctcil ncaily on ihc same plan by Rayier, which me well calculated foi a 
lectiup loom. 

f). Adjuhimonls ,'—The moio complex any inslimncnt is in its pails, tlie gicalci the difii- 
culty, as well as neccssily, of having its adjustments well made, and prescivcd dining use 
Thoie is a ceiLiun oi'dci ol'succession aocouluig to which this delicate busuioss will be best poi- 
foiinod, that one adjustment may not iiUctfoio with auothci, dining the piogiess of the opeia- 
tions. When I’lofossoi Vince icceivod, fiom Mi. Tioiightou, instiuction how to piocood with 
the adjustments o( Ramsden’s cqnaloual, he followed the ducctioiis only in pint, and so fai 
puzzled himself with his own methods, that ho has not failed to puzzle also those amatcuis m 
piactical astionomy, who have boon taughl by lulu to undo one thing by doing another. Each 
mstfument will have some adjustments pcculiai to its constmction, and it would bo toclioiis to 
the icadoi, to follow us tliiough a detail ol' ilidaclio lulcs, that aic applicable to each individual 
instiument we will tlieiefoic satisfy oiuselvcs with going thiough a succession of adjustments 
that apply to the instiument wc have acloctod, as one of the best specimens, and which affoids, 
probably, as gicat a vaiicty of opcialions, in pcifoiming its adjustments, as any other that we 
could have chosen. 

7 Vision .—The fiist adjustment is that which pioduccs distinct vision, at the eyo-pie'cc of 

the telescope, when diiected to a Stai of the second magnitude, which must be affected by 
sliding the wiie plate, oi otbeiwiso the object-glass, as the construction will duect, till the wuos 
and stai aie all seen with perfect dislinctncss, and without paiallax when the eye is earned 
acioss the field of view. i 

8 Azimuth Clide. —Secondly, the azimuth cucle must be made horizontal in both direc- 
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tions, pointed to by the levels, in doing this one half of the eiioi is anmlnlatcd by the piopci 
feetJcrews, when the ciicle has been tinned half lound, and the othci half by the sciews of 
the levels, taken successively in the difteient positions, in the way that a tijpod as usinilly ina-* 

nagcd (§ LXVIII 70 

9i Polar Thudly, to lendei the polai axis petpendtciilar^ii must be damped ncaily 

so by estimation, and, when the declination cucle has been tinned giadiially louiid, till the 
bubble of its suunounted level lemains in the middle of its tube, the nppei poition of the in- 
stiument must be tinned half round on the polai axis, as icad by the hoiaiy ciidc , and if the 
level show'i an eiioi, by the displacement of its bubble, one half of it must be collected by the 
apparatus on the azimuth phtte, ’acting with the sOclcet of the polai axis, and the other half by 
giving slow motion to the declination circle. When a repetition of this pioccss has made llie 
eifor disappeai, the^ declination cucle and its appendages must be caiucd loiuul by Ihe polai 
axis a quaitei of a' oncic fiom iscio to six liotiis on thd lioiaiy cuclc, iii winch situalion, il tlie 
bubble IS again displaced, it must be ic-instated by the adjustment at the lop of one of the sup- 
porteis of the latitude axis, at light angles to the foimer position when this is done, the azmnitli 
and equatoiial ciioles will have then planes paiallel to each oihci, and then axes also poipcii- 
diculai to the honzonjnand, of com so, the level ncai the toloscopo will ictam its bubble in tlio 
middle of its lube, as will also both the othoi levels, while eithei one oi both of tlio ciicbs am 
made to levolve* In this stage of the adjustments, the veuneis of the laliludo quadianls must 
both be put to then zeroes, foi indicating the elevation of the polar axis to the latiludo of the 

place, when the lemainmg adjustments aic complolod. 

10 Decimation The foiuth adjustment is that by which the axis of the declination 

cucle is made levels oi placed at light angles with the pohu axis* To do tins, the Icleacopo 
must take a peipendiculai position, by clamping the decimation cudo while its vounoi leadf^ 
90°, in oidei that the plumb4me may be .suspended down the tube, then Iiy the motion of that 
point which IS adjustable, and also by thmpropci motion of the plumb-hne, let the laltci \>mcl 
both the points undoi the micioscopos, this beings done, the telescope must have its position le- 
veised, endfoi end, by tinning the declination cucle till the opposite 90^ is the point ;eiul, 
when the plumb-linq must be suspended by the end now uppeunost, and biought by its piopei 
motion to bisect the Jiml point, then half tlic cuoi that appeals at the adjustable point must 
be collected by its adjustment, and the othei half by that placed at the top of one of lliO sup- 
poiteis of the decimation axis, when the axis will be level. 

U, Position of the Fifthly, while the axis of the declination ciicle, lound which the 
telescope is earned m giving it 'altitude, lemams peifectly lioiizonlal, aftci the piecoding ad¬ 
justments, the wue plate must be turned lound, if neccssaiy, till the middle veiiical wue will 
Continue to bisect a distant point tlnough the held of view, while the elevation is vaued ; ui 
which case, the azimuth motion being slowly pioduced, the same point will also uui along ihc 
horizontal wue, these lines being by con&iiaction at nglit angles to each otliei . but caie must 
be taken that the vision be not alteied by turning this plate. 

Line of ColUmatwn—In the sixth place, the line of colhmalion must bo adjusted as it 
regards both right ascension and declination. In doing this, the upper end of the polar axis 
and the object end of the tclescopejnust be both pointed towauls some distant fixed object a 
little above the hoiizon, the telescope being above the polai axis j the decimation cucic living 
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5)0° at /CIO , and tho hoiaiy index placed ,ai twelve hoius in tins ^situation the centre of the 
Cl OSS wiics must be placed on the chosen object, by laising oi lowoung the^poki axis in con¬ 
junction with a slow motion m azimuth, and tho degrees, minutes^, and seconds lead' by the 
vcinieib of the a/imutli cucle, and also of the quadiants, marked down , in the next place, set 
the polai axis ncaily veitical, and place the hoiaiy cucle at the opposite twelve, then point 
the polai axis again to the object, while the telescope is below xU ^ compound motion 

as bcfoie, by tins axis and by the azimuth cucle, till the mleisecUon iOf the wiies liOs a second 
time on the object; wittci which lead tho a/imuth ciiclo and quadiants again, and maik down 
the degiccs, minutes, and seconds undci the foimci leadings lespccUvcIy, and take a mean of 
each pail; while the jiaits lemain m this situation, the azimuth cucle must be moved to 
aic denoting tlic mean of tho two azimuths, and the polai axis to the moan of the two inclina¬ 
tions , in this position let the clamps be made fast, and the telescope moved caiefully, by alter¬ 
ing the scicws that fix it to the cucle, until the veitical contial wue coincide with the oiigxual 
object, and the adjustment foi collunaiion in light ascension will be haishcd. Again, move 
the telescope, by allcung the declination, till the lioiizontal wuc cuts the same object, and 
adjust tho vcinieis of the declination cucle to the points 90° and 96 pails lespectivcly* on its 
contuuy planes, and tho colhmation in declination will also,be set light If liowevei the 
object cliobon be not at a gicat distance, since the telescope is placpd alleinutely above and 
below the decimation cuelc, the adjustment oi the collimatiou m declination will not be coi^ 
lect, foi at a shoit distance two maiks must be put upon the objecl, at double the distance 
fiom each that the ccntic ol the dcchnatiou cucle is leinoved fiom the telescoped lino of 
‘ collimation 

13, Jlorarjj ///to.~Lastly, to adjust the lioiaiy index, let the point 90° on the azimuth 
cucle be tinned to an object of small alUUide, let the polai axis be placed honzonially, and 
the telescope set to 0 on the dccliuaiion cucle m this position the hoiaiy cucle becomes vei¬ 
tical, and the objeetd altitude may ho taken liy it, but it will be icad off in tunc fiom six 
hoius now Uuni'^the instiiuneni half lonndm azimuth, and biuig the telescope again to the 
object, by tillmng the polar axis loimd in its socket, take anoihci altitude m time in tins 
position fiom tho opposite six, and llieu the moan of the two alUtudes thus obtained will show 
the point on the hoiaiy cucle wheie its index must be placed, to give the hoiaiy angle tudy 

Tho appaiatus foi collecting the hoiaiy angle on account of lefiactiou consists of a 
small qimduint and level foi taking altitudes, which aie movoablo lound the axis of vision, and 
theicfore doteimuio veiy t caddy llio elevation of the telescope in any given position, also tho 
eye-piccc and wiies of the telescope, being moveable by means of a nice micrometer ^sciew, 
may be set with gicat acciuacy to the icfiaction coiiespoiKhng to the altitude so deteimined. 

15. The puncipal advantages icsulting fiom the coiistiucUon of the instiumerit we have 
heic desciibccl, aie, fiist, that it affouls a fiim support'to a telescope of veiy considerable 
powei; and secondly, that the gicat lange of polai distance beyond 90^ of declination, lendeis 
an obseivatiQii v^iih the telescope below tho polai axis iiniiecessaiy. But notwithstanding thp 
conveiuencc with winch a star oi othei body may be found by the equatoiial motion, when 
the light ascension and declinationlof the body aie picviously known, astronomeis aie not ge¬ 
nerally disposed to place much confidcuco in thciaccmaey of obseivations, for deteimining 

unknown light ascensions and declinations, out of the meudian, howcvel well the instrument 

. 8 X S 
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may be equipoised It is scaicely necessaiy to add, that the telescope must be pul to the 
declination of the stai in the meudian position, and then tinned to the slat’s lioiaiy unj^le at 
the moment, which is always the diffeiencc between the stai’s light ascension and the sulci cal 
time then shown by an adjusted clock when the foimci is gic.itei tli.in the lattci, the star 
wll be towaids the west, rind the contiaiywhen smallei. Vauous accounts have been pub¬ 
lished of the uses of an equatoiial instiument, by Shoil, Nanno, Maitin, Ilamsdon, the Dol- 

londs, Sii Geoigo Sbuckbuigh, and the Hon Stuait M'Kenzie, but to an lutclligont icadci of 
the piesent day, the details wo have given in this section will convey all the iiifoimalion he 
can lequne, without tioiibhng him with spccihc examples of woik that may be bottei pei- 
foimed witli othei instiumeiits 

16 Sometimes a long ladial bai caiiying a sectoi, oi aic of a ciiclo, is atlaclicd to a 
telescope, having a motion on a polai axis, by which diffeiences of light ascension and of decli¬ 
nation may be^ dcteimincd of any two moving bodies; and when the place of one of them is 
known, that of the othci maybe had by corapaiison. Oialiam liisl made an iiisiiiiinent o( 
this kind, which we uiideistand icmains out of use at Giccnwich , and a moie oomplcto one was 
afteiwaids constiucted by one of the Sissons, both which aie dcsciibcd in I’lolcssoi Vincl’s 
Tieatise mi P>actmlA&tionmy, but as they will not give tlie place absolutely, like the cqiiii- 
tonal instiument, and have ceased to be in use, we inciely mention then CMstimcc, and wlicio 
they aie desciibcd, that oui leadeis may giatify then cuiiosily by icfcuing to the woik. Tlicy 
may be consideiod as a species of paiallactic insUumenl, winch enables a telescope to follow 
cl stai, 01 othei body, with convenience, by means of the levolving polai axis. 'I'lic comet of 
1815 was howevei obseived by the five-feet equatoiial scctoi at Giecmvich in the nioiiths of 
May, June, and July, as iccoided m the last page of the Giccnwich obscivations of that yoai. 


§ LXXVIII ON THE ERRORS OP THE EQUATORIAL INSTRUMENT 

1. Nothing can be moie encopjagmg to an obscivei than the appaiont case wifh which an 
pbsejvation may be made with an equatoiial insluunent, paiticulaily when the only use of tl|c 
equatoiial motion is to follow a ptai oi planet, foi the puiposc of gcUiuiig miciometi ical mca 
surements, and even m taking light ascensions and decimations out of the mciidian, foi winch 
the instiument was oijgmally intended, at fiist sight it may be infeiiod, that the nistuiineiiL is 
pecuhaily adapted foi gaming these with facility, since all the mcasiucs can be refened imme¬ 
diately to the pole and pquatoi, without lefeicnce to the zenith, liouzon, or latituclo of the 
place ye,t consuloable difficulties occip in piactice, that piove extremely discoiuaging to 
obsciveis, and it is a cuuous fact, that notwithstanding equatoiial instuunenls of vaiious 
constructions have long been m the hands of astionomical araaleuis, no good obscivations of 
right ascensions and declinations, taken at a distance fiom the meudian, seem to have been 
accomplished, except lately at Aimagh by Piofcssoi Robinson All the instunnents that 
carry horaiy ciicles and telescopes on the middle of along polai axis, have been found to bend 
more or less, and even the unique instrument at Aimagh is not quite fice fiom this fault; and 
what p xYOise, m some of the constiuclions the yielding takes place differently m different 
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positions, so tlitit cuois so pioduced caiinol be guaitlcd against, noi yet coueclcd by compu¬ 
lation And even in the best constiuctions, the adjustments seldom lemam pci feet foi any 
length of time, owing to the sticss laid on ceiUun paits by oblique positions, so that when iho 
instillment has been in use, and is settled aftci being adjusted, it is dcsiiablo to asccitain the 
numbei and extent of the ciiois ausing fiom dchingemenl of position, as well as the effect 
that icfiaction has on the polai distance and light ascension, as shown by the insluimcnt Foi 
without a knowledge of these causes of eiioneoii& indications, the obsetvoi can deduce no 
good icsnlts fioin ciiciun-meiuliau obscivatious, not even when taken clifFcicnlially The 
Westbuiy cncle was at fiist intciidecl foi an equatoiial insUumcnl, but was convcitcd into a 
meiidian instuimcnt, liaving its motions lu altitude and azimuth, foi which the adjusltnoiUs aie 
moie peimancnt, and allowance foi leli action moie easily applied and oven at Aiinagli it 
was once in contemplation to mount the cucle m a vcitical position It will thciefoio be icn« 
deung some seivice to piacUoal astionomy, to explain how the eiiois of an equatoiial may be 
detected, and then amount computed, whoio they aic of a peimaneiit natiuo. When the 
hoiaiy angle and declination of an obscivcd heavenly body, as lead by the instumient, diffei 
fiom the known appniont lioiaiy angle and appaicnt declination, these diffeicnccs we consider 
as the errors ot the instuimcnt. 

Tho deviations to which the scveial pails of an equatoiial may be luiWo, may be 
cnumciated m the following oidci 5 fiist, the polai axis may not be placed poifectly paiallcl to 
the caith^s axis of lotation, but may bo ducctcd to a point that is neai tho uppei polo of the 
equatoi, secondly, the plane ol the declination cucle may not be paiallcl to tho polai axis of 
the instuunent; 01, in olliei woids, may not he peipendiculai to its equatoiial circle, on winch 
the time is counted; ihudly, the veiUcal line of colhmatiou may not be piiiallel to tho plane 
of the dochnatioii cucle, foiulhly, the zcio point, iiom•which the mcasiuc of declination 
begins to count, may not be Ritiiatcd in a diamclci paiallcl to the cquaioi , and lastly, the 
zeiopoinb fiom which the hoiaiy angle is counted, may not be exactly in the piano of tho 
pieiuhan, passing thiongh the ccntie ot the lubtuuncnt. To icpiosont tlio influence of all 
these deviations 011 the hoiaiy angle, and on the declination, as given by the deranged inslui- 
ment, let 

A 

t denote tho angulai dcslancc ol‘ the point in the celestial aic, to which the polai axis is di- 
lectcd, fiom the tiue pole; 

I the hoiuiy angle upon which tho said point lies. which hoiaiy angle, as well as those that 
will be mentioned heicafioi, niimt be leckoned fiom the southcin mcudiau weatwaid, fiom 
0° to SCO® in aic, 

90° *-* n the angle that the plane of tho dcclinalion cucle makes with the plahc of the instrn- 
menUb equalonal, oi houuy cncle the quantity)? being considered ppsiUvo wjicn such 
inclination is west wauls, while the position is at 0*' 0*^', 01 at iScio of the hoiary cucle , 
and negative wheii east waul, 

? tho angle that the veitical line of colhmation makes with the plane of the declination cuclc; 

‘ this angle i being positive when the iniddlo vcitical wuc is too fai from the plane of tho 
said cucle, and negative when too ncai, 

e tho eiioi of the zeio point upon the dcchnation cuqle: this erroi’ must bo taken positive 
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when, the hoiaiy angle of the instniment being 0 " 0 ™i the southcin end of the diametei, 
on which the zeio point IS placed, lies abov^aplan® paiallel to the cqualoi, oi towiuds 
the noiih j and negative when the contiaiy 5 

s the eiroi of the'zeio point on the cquatoual 01 hoiaiy ciicle, taken posiUvo when this point 
lies^to the west of the ineudian, and negative when to the cast. 

i 

3 . If we boai fn mind the significations of the picceding cliaiacleis, and dcsiguale, by h 
and S the horary angle and declination lead on the in&tuimcnt, the appaicnl hoiaiy angle JJ, 
and appaleut declination D, of the obscived body will be given by the two following 
equations 

// " ft + 6 + ? tang D sin (ft -- ft) -f tang D - 1 - i sec /)• 

D S e ^ cob (ft — ft), {(i) 

In these equations the fiist powcis only of the eiiois ti \ e, and £ have been piesoivod} the 
teuns, containing the supeiioi powcis and pioducts of the same quantities, being small, may 
foi all piactical pinposcs be neglected In these equations the signs icmam unaltcied when¬ 
ever the hoiaiy angle of the instiument and of the stai aie tho same, 01 iliflbi only by tlio 
euois of the instiument, hut we may obseive a star also by counting the dccluuiUon liom the 
opposite side of the circle, and by placing the telescope at 180^^ — J), ui which case the houuy 
angles of tlie instuimeni and of the stai will diffei by twelve hoius j ui this mode of obsciving, 
tang jD and sec D become « tang Z), and -- sec Z), and then some of the quantities coutamecl 
m the two pi^cechng equations must changQ then signs, and the equations will become 

, H = + A + 2 + ^ tang D sm (ft h) ^ 9 } tang Z) — | bcc Z). 



4j, When the six quantities t, /», /?, |, and £, denoting the deviations of ihe scvcial paits 
of the instiument be unknown, they may be detcimmed by obscivatious of tho hoiaiy angle 
and dechnatioh of known stais, This deteimmaiion may be abudged by bclocting a piQpoi 
slai with a slow motion, say Polaiis, which wc will take as affbiding an example, to ilUistiato 
themannci of detoimining the diffcienl criois agiccably to oiu equations. L 0 I us suppose lluii 
this stai was ohseived at its nppci and lowei passages ovei tho mciidian of the insUumcnf at the 
subjoined times, ni the yeai 1827 j having the declinations icgisteied with those tunes thus \ 

f 

18 Apul, lowei passage 12'' 59"" S3\ Z.-12”, obscivcd dec 88^^ 2.T 28" 

19 Apul, uppei passage 0 57 46 j z = 0", obscivcd dec 88 22 30 

19 Apul, lower passage 12 ,59 6 5 - 0", obseived dec, 88 23 56 

The tunes of the obseived passages p^ie heie considcied as couected foi tho cnoi of tho clock, 

at the different tunes, and also the declinations couected foi lefiactiou m altitude* Tlien 
from the Isfautical Almanac we have the appaient light ascension and decimation of Polaus, at 
the given epoch, 0" 58*" 27® 5, and 88 '^ 23' 13" lespeclively* Now for the fust two ob&eivnUons, 
in which the hoiaiy angles of the instiument and of the stai woic neaily alike, we must use 
the equations (a), but foi the last observation, m which the difference ^as nearly twelve horns, 
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the equations (a') must be applied. By obseiving that in the fiist obseivation we have the 
houi angle of the instiumcnt ( A ) = 1^" = 180°, and in the two others = 0" = 0°, and by 
substituting the values Iheie given, \vc obtain the six following equations, m which II, H', 
and ir denote the hoiaiy angles of the stai at its dilFcient passages, viz. 

II = 12" + 6 “ j tang D. sin K -i- -j tang /) +• $. sec D 

H' = 0 -h 6 + ? tang jO. sin 7r + <) tang I) + |. sec D 

11" =12 [ s — i tang D sin I — n tang D + |. sec jD 

1 

i) = 88° 23' 28"+ e + i cos ?c (1) 

i) = 88 22 80 I e - ? cos k ' 

D =: 88 23 5G - c + ? cos k 


Fiom these equations, by siibtuiction oi addition, we deduce 


I \ 

I 


II — IJ' — 12" ~ 2 1 tang D. sin k 
II ~ II" iz 2 {n tang i) + § sec D) 

IT 1- If = 12" + 2 5 (2) 


0= O' 58"+2 « cos Z, 
0=:-0 28 + 2e 

2 P = 176° 46' 26", 01 D 


176 ° 46' 26" 

. . ■ ■ ■ . .* 

O 


88° 23' 13" 


Hence half the sum of the two declinations, obscivcd above and below on the same day, on a 
supposition that the lioiaiy angle ol the insliumont’s position remained the same, gives the 
declination of the slai. If thcicfoic wc find a dill'ciencc fiom the known declination, gieatei 
than the jirobitblc enor bf obseivation, it must be concluded that the instiuinent, fiom some 
cause or 'other affecting its stcAdincss, Iim not kept its place. 'Tlie last equation but one gives 


, 1 , ‘ I I c s —= l4f ' 

2 

1 ‘ 

Thh on 0 ;, being positive, bliows thai the diamotei?, passing through mo ol the cleclinatioii 
cuclc, rises ou the north side of the cqiiatoi, lowaids the uppci meiidiaii* The quantities 3 
and li may bo dcteimincd fiom the first and foiuth of the equations (2) j for which puiposc 
the difference (XT —* If) of the hoiaiy singles of the star may be obtained fiom the difference 
of the two obseived times of tlie ,conospondxng passages, and is thus found to be 


jgb ijm equation then will become 

1 I ( ^ 

12" 2” 7° =: 12" - 2 1 tang D, sin I, 



01 , by 1 educing the time into spaed, and dividing by tang' 



1 



I 



2 1 sm h 
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Fiom the last equation but two we have 

S < cos 4 = - 0' 58", 

then, by dividing the picceding equation by this, we shall obtain 

tang It — , log tang A = 9.96573; 

oo 

of the two angles that coiiespond to tlu& tangent we have the choice of A r: 45', oi of 

Ic r: 45', and because the value of 2 t bin k is negative, wc niiibt take the lattci, but if 

S % sill I had been positive, we must have taken the foimei, oi smallci angle, as belonging to 
the iiist quadiant* The angle I being now known, wc have by a fonnci equation 

_ 53^6 ^ _ 55" 6 

^ 2 sill Ic 2 sin 222*^ 45' 

log i - 1 5904 and i = 39^5 

Hence it appears, that the polai axis of the instrument was diicclod to a point in the heavens 
39''.5 distant fiom the pole, and situated on an hoiaiy ciicle, that makes an angle A of 222° 45' 
westwards with the iippei ineiidian. By putting the diffcience of the obscived times of pas* 
sago foi n — ir in the second of the equations (2), we have 

4<7' == 2 (?j tang A) | ^ sec 2)), 

01 , by icducmg the time into space, and dividing by 2, 

Vi tang Z) 4 I sec D =: 5' 52\5 (3) 

Kow the two errois ?? and I cannot be sepaiated by obseivalions of Polaiis alone, because, 
with respect to any single stai, the cxpicssiou n tang D i- ^ see D constitutes a single euoi. 
In oulei to sepal ate the two quantities composing this cuoi, let us suppose tliat the mciuban 
passage of the sun, as obseivcd by the instuunent m the same position, was thus 

19 Apul, 1’‘ 31®.7 sid. tune r: O’^) obscived doc, 10° 59' 52", 

the sun’s light ascension by the Tallies being at that time I*" 46"^ 33*, and his dochnation 
11 ° O' 5" N, By lepicsenlmg the hoiaiy angle and decimation in tins case by H and 1}^ we 
get fi om the fiist of the equations (^) 

n 4 s 4 2 tang 2). sin A -i tang 2) 4 5 see Z)} 
if we subtract this equation from the second of the equations (1), we obtain 

t 

H’ — ~ i sin k (tang I) — tang JD) + ») (tang D - tang li) I (sec i) — sec 1))> 

For the diffeience of the hoiaiy angles i-J'“ H we may substitute the diffeicnco of tbo times 
of passage of the two bodies, diminished by the diffeience of thou right ascensions, thus. « 

//'- i? = (0" 57“ 46* - 1" 46" 31*.7) ~ (O' 58" 27*.5 - 1" 46“ =;48" 47-7 + 48" 5*.5 

K ~ 40*.g 
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Then by loducnig tins lime into space, anti by noticing that we have alieady found t sm A =: 
gC".8, the piecetling equation will give 

!) (tang D — tang J^)) + f (sec D — sec p) = — 603"+ gG.8 (tang D —tang D) 

Let us now substitute iii tins equation, as well as in equation (3) foi D' and D then lespective 
values, and we shall have ' 

35.816 ti + 84 .506 I = 345".5 
35 .511 }? + 35 5g5 I = 852 .5 

fiom winch we deduce . . , >( = 18’'.9, and I = 8".9, • 

whence we conclude that the plane of the declination circle, when the instiument was placed 
at the hoiaiy angle 0^ was inclined to the equatoi, and made an angle towaids its west 
= 00“ — 18".0, 01 89° 59' 41".! } and also that the middle wire ought to be bi ought neaier to 
the plane ol the said ciiclc by 8".9, that the vcitical line of colhmation may become paiallel to it. 

It loinains yet that wo delciminc the enoi e, oi displacement of the zeio ol right ascen« 
Sion, this object the thud of the equations (2) gives 


the hoiaiy angles, 77', and 77", being given by the sidcical time of the lespcclivc passages of 
tlio star diiuiinsliod by its light ascension, thus. 


77'~77" 




SO" 6' "O" 



= 11 " 69 ™ 57 ’ 




^aucl Ihcicfou', 




Jlh 


2 


■ iSfcali 



consequently the zero poult of the hoiaiy cuclc was found to be 1*.5 towaids the oast side of 
the mciidian, 

6 . Thcie IS this lemarkable dillbionce to be noticed between the dctcimmation of the 
foicgoing quanliUcs and of this last quantity; that all the othci cnois have been deleimuied 
by employing the diffetences of the hoiaiy angles, oi of the obscivcd tunes of |ille passages, 
whcic only the late of the clock was wanted to collect tlicir values 5 whcieas in the last deter- 
muiation the sidcical time itself is intioduccd as an element of computation, which cannot be 
coiiectly used without pi eviously knowing the clock’s error. Wo might however spaic the 
mtioduction of sidcieal time, in dcteiminmg the eiioi t, by having a meiidian mark properly 
adjusted for the situation of the instiument} foi then, when all the other eiroiS have been de¬ 
tected, and the instiument finally adjusted by then means, the index may be put to the point 
zeio, while the middle wire is biought to bisect the said mciidiani maik. Whalevci may bo 
the const! uction of the cqualoual, these principles will apply to Um detection of its eirois, 
and consequently to leetify its lough adjustments. 

VOL. H, 9 Y 
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6 But as it 13 veiy difficult to adjust all the paits of so complicated an instiumcnt ex¬ 
actly, it will geneially m piaclice be bettoi, to be sahsfled with the appioxirante mechanical 
adjustments, such as we specified m our last section, and then apply the computed ciiois to 
the obseivcd lioiaiy angle and declination, as given by equations (a) and («') As the most 
usual application of this instalment is, to deteimino the right ascension and declnution of an un¬ 
known, by compaiing its place with that of a known body, at then successive passages ovei the 
same lioiaiy angle, it may be piopei to leraaik lieie, that when the difiPeience of then declinations 
IS hut small, as 1° oi 2", the eriois of the instiuraent will have less influence upon then lolativc 
ppsitions thcgicater is then distance fiom the pole. To show what this dilTeience will be, lot 
us represent by i? and D the hoiaiy angle and declination of one slai, and by If and 7)' those of 
any othei to be compared, substitute the values of II and D in the equations («)> and take 
the diffeience between the resulting equations, then as the lioiaiy angle /i is tlic same in both 
cases, itwillbc found that the diffeiences will be expressed in the following mannci 11 —11'=: 
(sin i)--tang D') . i sin (A-/t) + (tang i)-tang !)').»)+ (sec D-sec J )'). ^, andiJ~/)' = 
j-i', where J and 3* denote the two declinations read on the ciicle. The second ol lliose uqiin 
tions shows, that, whcnevei the deviations of the paits of the insluimcftt aie so small that the 
squaies and piodiicts of then values may be disicgauled, the dilTeietice of the declinations, given 
by the insti ument, will be the same as that of the ti ue appaient declinations of the two slais but 
tlie dilTeicnce of the two hoiaiy angles, slioiild be nothing, wlien the iiistuimeut is pciloclly ad¬ 
justed, though it will amount to a sensible quantity when the deviations icmam uncoiiectcd, 
To foim an idea of the value of this influence, let us suppose D = 62“ and D'=:G0", and iho 
lioiary angle h=Q(f -H /c, a supposition Xhat will lendei the eflecl of the deviation i tlic gieatest, 
then accoiding to the values of i, n, and ? above deteimuied, we shall have. 


/ H~-I-T= (1.881 ~ 1.732). (39''.5 +18"9) + (2 130 - 2 .000). 8" 9 = 9".8 , 

so that the euor nfiectingthe difference of the hoiaiy angles, in a /one fiom 60“ to 62 “ of de¬ 
clination, IS to the total value of the deviations themselves, by which it is pioduced, iienily in 
the latio S ■ 20, and this lalio expressing the influence ol the deviations would be still less in 
zones of smaller decimation An appioximate knowledge only is thciefoic wanted of the 
values of the deviations, to enable us to compute, witli sufficient acciuacy, the collections 
due to the diffeiences of the obseivcd light ascensions and declinations. In highci /ones wheie 
the effect of the deviations is gieater, it must be obseivcd, tliat the ciiois in light ascension 
have also a Kttle influence on the position of the stais 

7 But though we suppose the equaloiial peifect ni its constiuction, and coireclly ad¬ 
justed, yet the observations made by it, out of the meiidian, aie charged with the influence of 
1 enaction botli m polar distance (A) and right ascension (At), which influence depends ou the 
refraction in altitude, or which is the same thing, in zenith distance. The refraction appaiatus 
is intended to coucct these effects, by allcung the equaloiial wne in the eyc-picce, according 
to the observed altitude of the body, but this coriection, depending on the quantity of incan 
refraction in altitude, will not be the true coirection in all states of the atmosphere, nor at 
any timeinlow altitudes. Piofessor Robinson obseives, in his papci leadbefoie the Royal Irish 
Academy on Jan. 10,1825, that Ramsden’s refiaction, apparatus “ cannot be employed with 
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^ny regaul to the peiraanenoe of the collimdtion/^ The effects of lefiaction may howevci be 
easily computed, oi Tables might bo constuicted for showing them by inspection , If we put 
f foi the lefraction in 7*eiuth distance, li for the couesponding lefiactiom in polai distance, and 
^ that in light ascension \ and if we put v foi the angle of vauatioii founed at the stai, by the 
veitical and hoiaiy cucles passing thiough it, we shall have, 

R r; sin r. cos w 
fr:sinnsmiy 
sm A 

and when v is computed by any of the fonnulm wo have given m page the collections oi 
<juantitics R and g will he easily oblamed, as may also the paiallaxes in polai distance and 
jighi asccnbiou fiom knowing the bou/ontal paiallax, foi if wc call the houzontal paiallax of 
the sun oi moon hy the paiallax m altitude /f, m polar distance and m light ascension 
then we shall have, 

sm /f =:sin h . sin si 
&in^r:sm/i sm jb cos^? 
sin 9r:3:sin A. sm siu 

... ... I «■■,■■■■■■ 

bin A 

wheic a denotes the /emth distance of the body, which in a known latitude is easily computed 
fiom the hoiu angle and polai distance, by No. §5 of oui fomulce. Tlio lefraction in a is ne¬ 
gative when A IS loss than its auxihaiyaic <p, which is the aic cutoff hyapeipcndiculai falling 
fiom the fcnitli upon the hoiai'y ciiclc j and the icfiaction in ill is negative when the stai is 
west of the meiidiau. 


§ liXXiX' GRAirAars zenith sector [Pi-am xxvii ] 

I 

1 . >5ciiilli sectoi, like the U'ansit imstiumcnt, can be used only on the meridian, and its 
mcasuics aie icfencd to the zenith point of the place of obseivation. Its puncipal uses aie 
to dctciuune the latitude of the place of obseivation by a sfcai of known zenith di&tancq, to 
measuic tho zenith distance of a slni in a known latitude, and to asceitain the zenith point, 
and by coinpaiiaou to lian&loi it to the aic of anothei instrument, such as the astionomical 
quadiant, that is not capable of being icvciscd in position. Tho fust zenith sector was 
contrived and constructed by the ingenious Di, Ilookc, with an intention oi’, determining 
whothei 01 not a fixed stai has a moasuiable annual paiallax, as Galileo had, suggested. 
An object lens of thiity-six feel focal length was fixed in a veiUcal tube the ,year 1669, 
with a pluinb-hno suspended fiom tho supcuoi, and a graduated arc^^placed near its 
Infcnoi end, We loam from the Cutleuan lectuies of the Gicsbam professor, that on 
the 6th of July of the said ycai y Biaconis was obseived to pass the meridian of Giesham 
College at 2' 12" to the noitli of the q^ith, on the 6th of August at 2' 6" > and on th? 21st 
of Octobci at 1' 48", or 1' BO ", whence it was concluded that the instrument gave uncertain 
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lesults, for tbeie appeared to be an eiioi of about ^4", •which, the natmal causes of the 
difference m the measmes not being then known, was imputed to the instalment. The IIoii. 
Samuel Molyneux, conceiving that a sufficient tual had not been made of Hooke’s instrumont, 
availed himself of the mechanical skill of Geoige Giahara, who in the yeai 17S5 put up a 
zenith sectoi of twenty-foiu feet and a quaiter focal length at Kew, by the assistance of Biadloy, 
about the end of Novembei, and y Diaconis was obseived by it foi the fiist tune on the Sd ol 
Deceinbei following. On the 5th, lltb, and ISth, no sensible difference appeared in the zonilh 
distance of this star, and it was concluded that the instiuraent pioved peifcct, but Biadloy 
being still at Kew, on the 17 th, and still more on the gOth of the same month, peicoivod a 
change towaids the south, which, being in a contiary direction to that which would have boon 
produced by paiallax, caused various conjectures as to the true cause of tins njipaiciiL 
* change of decimation. About the g 6 th of Maich, 1726 , the star was found more towaids the 
south by 20 " than on the 8 d of the preceding Deceinbei, about the middle of Apiil the 
change began to be letiograde; at the beginning of Juno the stai bad relmncil to its oiiginid 
position, and in Septerabei following (he motion towai ds the noi th had inci cased to 20 " n cm ly. 
In Dccembei it was found again in the oiigiiial situation. To asceiUsin W'hat might be tlu* 
real cause of this apparent change in the place of y Diacoms, and of othci stais that had been 
observed to have changes, but not of the same quantity, 1101 yet conlcmpoianeously, Biadloy 
dcteimmed to have a second instrument constiuctcd by Giiiham, to bo set up foi his own con¬ 
venience at Wanstead, which was accoidingly done on the lf)th of August, 17^7* 
dimensions of this second instuiment were guided by the situation that Bindley bad fixed iijiou 
foi its erection, winch limited the focal distance to twelve feet and a half, and its total aio to 
HI®, whicli enabled the observer to take Capclla into the field of view, .uul to sec about 2(JU 
stais contained in the Biitish Catalogue. Biadley gave a Papci to the Iloyal Society ol 
Dondon, entitled “ A new Apparent Motion of the Fixed Stais discovered” (No. 406 ), whicIi 
is contained m Vol. VI. p 149, of the Piiii.osoi>nicAL Tuansaciions abiulgcd by Eilmes and 
Martyn, in 1734, m which he has detailed the cncumstances that led to tlio discovciy of thu 
aherration of light hy xav&m of Giahain’s second vonilh sectoi, which, at Biadicy’s appoint¬ 
ment to the Iloyal Obseivatoiy at Greenwich, most foilunately foi aslionoiny, was Inkcii 
thitbci, and is the identical instuiment that is still llieio, and yet hold m high cstimaticm. 
The discovery of nutation, though previously suspected to exist, was aftciwaids discovered by 
a senes of twenty ycais’ obscivations. 

2 . This sectoi is represented by % 2 of Plate XXVII, m winch all the essential pails 
are exposed to view, and therefore may be easily dcsciibed. The long non tube denoted by 
AB IS equal to the focal length of the object-glass, which was not ougmally achiomalic, bill 
which was made so in Di. Maskelyne’s time by Mi. Dollond, it has two cyhndncal steel pms, 
fl, andanothei behind not seen, piojectiug at light angles, a little below the snpenoi cud, 
which constitute the axis of motion, when suspended by a pan of Fs, of which there are two, 
one attached to a wall facing the noilh, and the othei to that winch faces the south, to citlicr 
of which pail’s of Fs the sector may be'appHed at pleasure, and when both are used in suc¬ 
cession, the collimation in zenith distance may be readily obtained. The hoiizontal bai C1) is 
' fixed to oaoh'wall, ni the veitical line under the Fs, at a deteunmed distance, and carucs n 
sliding adjustable cock, to which the micrometer screw JG is fixed, that measures the fiac- 
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uonal pOition of a minute on its divided head b, and <;lso the becond sciew c, liaving no other 
use than to iclievc that of the miuomctei. The ends of these two sciows test against a pan 
of studs made fast to the tube, and the load F pulls the side of the tube towaids the iioints of 
the sciews, by means of a flexible coul going undex tlie fixed pulley Tl, and ovci that at G, 
beloic it takes hold of the suspended weight The metallic arc 1 K, attached to the back ol 
the tube, contains tbc divisions of subdivided into 5’ spaces. Tins aic was ouguially ol 
biass, but iSisson was employed to change it foi one of steel, into which gold pms aie insciieil 
to loceivc the points of division. A pluinb-hnc is suspended fiom the object end of the lube, 
by a stud that is adjustable by the scicw c, and falling ovci and close to the face ol the divided 
aic, indicates the distance from zcio, at the middle of the aic. When a stai passing the iSCinth 
makes the plumhdinc (all on one of the points on a gold pin, oi on a division, the aic itseU 
will show the zenith distance, but otheiwisc the leinammg minutes and seconds aie afterwauls 
obtained by the screw, which, when /cio on its head is put to the index t, must be tinned till 
the plimihdmc bisects the next neaicsl dividing slioke oi dot, wiien the sum given by the arc 
and miciometei jointly will bo the whole ineasmc. The head of the sciew is divided into 
thivty.foui eiiual pails, which were iiilonded to indicate so many seconds j but by measimng 
the degrees on the aic, laUcn aldiirciont distances fiom aeio, the value of one i evolution of 
the scicw was found to be only 30" G338, so that a division on the head, instead of ineasuiing 
i", mcasiucs only O'VJSOQ, accoiding to which value a Table is easily constructed to cxinbil 
the value of any uumbci of icvolutions and paits, 

3. If this zenith sectoi had been made to icveisc in position, without being detached fioin 
the wall, as is the case with the Oxford soctoi made by Biul, it would have been not only 
much luoie convcniout in use, hut less liable to ciiois fiom doiangemont, and fiom the difl'ei- 
dice of distance, oi the plate CJ) on which the sciew acts, from the points of suspension oi 
axes of motion, which can haidly he expected to be picciscly alike lu the two positions. The 
ciroi from the latter cause may, howevci, bo iisccilmuod by expeument, and allowed foi, 

'll. The adjustment for colUmation is effected by an appaialus that moves the wues in the 
common focus ol tlio oyc-pioco and objecbglass, as m llic tiansit-uistiumcnt, lU a manner that 
may be thus explained, lot the gmdualcd aic first face the east, and place any stai passing the 
meridian neai the zenith on the hoiizonlal lino, supposed to be adjusted to the ducclioii point* 
ing cast and west, then when the watci vessel below the instiimient has biought the plummet 
to lest, note the number of degieos and 6 ' spaces that the lino lies to one side of zero, N. oi 
S. as the case may be, then completing the measuic by the micioractci, put down, the sum of 
the two ipianutics foi the eastern mc.isui’c; lomove now the sector to face the west, and'on 
the following night, if possible, repeat the same opeiaiion j then half the sum of,the two 
measuies will be the zenith distance, and half the diffeience the on or of colhmation, .'arising 
fiom this pail ol obsei vations, that icqunes to be adjusted by the pioper screws, 
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1 . When the tiigonometneal suivey of England was undeitakcn, it was found necessary to 
have a portable zenith sectoi to be earned to certain stations, to compare the celestial aics, 
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inteicepted between those stations, with the teuestual conesponding distances, as detemined 
by actual measiiiement of the connecting lines, and foi this pm pose llamsden agieed to fimsb 
a 7 onith sectoi that had been oidoicd by the Duke of Eichmond, as Mastei-Gencial of the 
Oulnancc, and that was in a state of piogiess at the tune (1800), but he did not live to see it 
complete, and his succcssoi, Beige, peifeclcd it in Apiil, 1802. It was fiist tiled at the 
Towel, and then at Giecnwich, befoie it was lemovcd to the Isle of Wight, whcio the tiigo- 
noinetiical opeiations began, and weic continued noithwaids fiom station to station with the 
gieal theodolite, as desciibod by Geneial Miidgo, the duectoi. The theodolite has iccently 
had the addition of a thud micioscope by Tioughton, and is now used in Iioland, undei the 
diiection of Colonel Colby (who succeeded Geneial Mudge in the appointment), altei having 
extended the suivcy into Scotland, and united the liiangles of the thicc divisions of the king- 
doin. Ill Miidge’s account of the sectoi (Tug. Sinvey of England and Wales, Vol. II.) it is 
staled, “ that Mi. Ramsden has obviated the inconveniences attendant on the use of loiinoi 
sectoisj and has also diminished, m a veiy consideiable degiee, the enois unavoidably losull. 
ing fiom their impeifoct constuiction.” “The piinciples”, he adds, “on which ho has 
founded the seveial iinpiovements, consist in the means of uniting the scctoual lube to its 
axis, so as to onsuie the peimauency of the length of its ladius, when ciccled for obsci vnlions, 
raoie accuiate methods of adjusting the insliuraent veitically, and an easy way of placing the 
face of Its aic in the plane of the meiidian." Oui Plate XXVI contains engravings of the 
diffeient pails of Ramsden’s zenith scctoi when taken to pieces, and fig. 1 . of Plate XXVII 
shows the luslruincnt in its cnluc stale, which is too complex to be well coinpioliendcd liom 
tins one figinc. Wo will fiist endcavom to convey a geneial idea of the constiiiction, as ex. 
hibited in the latter Plato, and then descubc inoie paiticulaily the scpauitc pails given in their 
tlotached state in the formei. 

' 2 . This instiuinent consists of thicc piincipal poilions, a stand 5 an inteiioi fiaine, and 

the sector compichcnding the veilical tube, hoiizontal axis, and vauous appendages. the fiist 
two aie made ot mahogany, and the Iasi chiefly of biass. The stand consists of the cxteiioi 
flame, founod into the shape of an obtinncated pyiamid, having a base of six foci sqiiaic, and 
its veitex ihieej these aie founod of fom stiaighl bais each, attached to the coiiesponding 
ends of the four upiight double ban, that aie each foimcd of two pieces united by seven 
stiong screws, to picventlheu waiping. The height is about twelve feet, and on the iippei 
end is made fast a squaie flame, 01 open table, crossed by two ban m each conlmry diiection, so 
as to leave a squaie hole in the middle, to leceivc the pivot of the innci fiaine acioss the 
middle of the base a strong boaid is fixed, sUengthened by an cdge-bai along its lowoi smface, 
on which boaid is fixed an lioiizontnl cuclo of biass, containing a conical hole, adjustable in 
two opposite duections, in which the point of an axis, fixed to the lowei end of the nuiei 
flame, turns in azimuth. When the foui feel of this stand aic placed on a iiou 7 ontal plane, a 
lino demitted fioin the middle of the uppei end, down to the conical hole below, will be ver. 
ticalj and to this line the tube of the sectoi must be adjusted when in its place. The innei 
flame also is formed of foui stiong bais, ascending fiom then fumed basis, paullel to one 
anotliei foi about one fouith pait of the whole height, as fai as the eye piece of the suspended 
tolesoopo, and then' conveiging towards a point at then nppoi end, wbeie they,-are united by 
.cross cylindrical lods of biass. Both the stand and innei flame aie moicovei strengthened by 
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f(5iu horizontal bats, connecting the upiight stiong locls above the middle of each } and the 
stand has also a biacing diagonal lod at each side, meeting one anothei at the uppei and lowei 
ends, so that lightness and sticngth of mateiials aic equally kept in view Four of the biass 
cyhndeis, that unite the uppei sides ol the innei fiame, pioject the whole length of the axis, 
and cany tlie Y plates, on which the pivots of the a\i8 icst, having the piopci apparatus toi 
the hoiizonlal adjustment, and to the middle of the uppei pan of the same cyhndeis, within 
the flame, inctalhc bcaieis ascend that cany a piece of sliong tube, five inclies in diamelei, 
which, entei mg the cential hole of the table or cover, constitutes the nppci pivot of this 
flame’s azimuthal motion. This pivot Iheicfoic is not connected with the telescope, otlieiwise 
than as the axis of the lattci icsts on the Y plates earned by the levolving fiame The uppei 
end of tlio telescope’s tube is inscitcd into the middle oi thick pait of the axis, which is theie- 
foic weakened by the pcrfoiation j but a pan of lateial biaces, ascending from the aides of the 
telescope’s tube, snppoit the two ends of the axis at some distance fiom the cential hole, and 
prevent its sinking. Ihc ))iessuie of the telescope is in a gieat incasmc taken fiom the pivots, 
fay a pan of weights, suspended fiom lovers earned by the uppei end of the fiame, and lifting 
the axis by a jmn of fiiclion rolleis at the end of each Icvei. The object-glass of the tele¬ 
scope, winch has a focal length of neaily eight feet, and a diamclci of foiu inches, is held by 
a sepaiato piece of tube that is adjuslablo foi vision, and one of the eyc-pieces is supplied with 
a diagonal icflcctor. The plumb-line is suspended fiom a cock having a tail-piece that is 
acted on by a sciow, tinned by a long lod having an univcisal joint, and can thus be icached 
fiom the ftooi A laiitcin, suspended by the middle of the levolvuig oi inner'fiame, is so 
contiived, tliat an adjustable icflcctoi with a concave cuive will thiow the light of a lamp 
eilhoi into nil apcitiiic in the side of the tube, to illuminate tlie wiios in the eye piece, in the 
usual way, by means of an intcinal elliptical icllcctoi, oi, by an altcialion in its position, will 
Ihrow it upwards upon the face of an inclined plane icflcctoi, at the cud of the hoiuontal axis 
immediately above il, which small icflector tiansmits it tlnough the axis, and illuminates a 
disc of molhci-ol-peail in the middle of a solid ciiculai pkitc within the axis, which disc foiins 
the upper oi fixed point, to which the plumb-lute must bo adjusted. The plumb-line thcrefoic 
has its point of su.speit8ion pcipondioulaily over the face of this disc, so as to hang neaily in com 
tact witli It. But the light tiansmilted into the axis is not suffeicd to dispeiso, it is caught 
by a second loflectoi, at the opposite end of the axis, which again sends it down a long tube 
of small calibic, having a lens within it, and a diagonal eyeqneco at its lowci cxtiemity, at the 
opposite sulo of the fiame to that holding the lautcin, but lowei down, near the handle of the 
led that 1 caches up to the adjuslincnt of the plumb-line. At this eye-piece the disc in the 
axis and the plumb-hnc aic viewed togcthei, by means of the long micioscope, and it is heie 
that the adjustment of the plumb-Unc is effected by the obscivei, while standing on the flooi. 
This IS altogether a beautiful conluvance, and convenient a.8 beautiful. When the innei fiame 
IS adjusted vciUcally, and the axis of the telescope made liouzontal by a long level that is 
adapted to its pivots, the pluinb-liiic, biougbt neaily into contact with the disc, will descend to 
the face of the giaduated secloial limb, ncai the eye-end, which by construction is in, the same 
plane with the face of the disc. An cdge-bai fixed paiallcl to the giaduated sectoi foims a fiame 
with it, coiitaiuing the end of the tube, and standing at light angles to the axis, tlieieby guaiding 
the position of the sc.ile, and the miciomctei stands in its piopci situation foi acting on a- steel 
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btuclj fixed in the tube of the telescope, aftei the mannei of Guiham^s scievv* But heie the 
distance between the centre of the telescope^s axis and the ccntie of the gtud is invaimWe, 
except so far as tempciatuie is conceined, onsuung unifoimity m the leadings, in the icveised 
positions of the scale. Lastly, a set of conntcipoising weights will ictam the tube of the 
sectoi m any position that the zenith distance of the stai may lequue, while a slight piepon- 
dcianco against the point of the sciew pi events a false indication on its divided head by its 
being always in close action. 

3 Aftei this geneiai account of the instmment as a whole, and as seen in fig. 1. of l^lato 
XXVII> we may now turn to Plate XXVI, and examine the separate paits that constitute 
the constuiction, m dcscnbing winch it will become nccessaiy to use lettcis of icfeiencc 
Fig.^ gives a section of the wliolo mstiument m a diiection that exhibits many of those 
paits in then places that could not be so well lefeued to m the formci hgtuc, without injuiing 
the peispectivc appeaiancc. The Ictteis ab and cd point out two of the upnght double bars 
of the stand, be the side of the covei, ad the edge bai of the cioss plank at the bottom i 
and bd one of the diagonal biaces. The telescope occupies the middle of the stand, and its 
axis IS seen neai tlie top founed of two cones, tciminating with bell-metal pivots, and losting 
on the y*plates, that heio picscnt then edges to the eye, as canted by the two piojccting 
cylindeis that he paiallel to the axis, one above and the othci below it It is heio cle^ily seen 
how the weights at/and g, suspended by then levers on then adjustable fulcia, pi ess their 
little pnlloj'S against the nogs siuiounding the axis, the fulcia being within the fiamo and the 
weights wiihbut* The bbhque biaces aic also seen neai the fulcia, as is also the univcisal 
joint of the rod at t that adjusts the cock of suspension, seen detached in fig S , which wc will 
oxanunc piesenlly. The concave leflcctoi of the lamp is at A, and the dotted hues, seen at 
light rlngles to each othei, aic in the two ducctions that the light of the lamp can be tinned 
by \i \ that which piocceds houzonlally auives at the eyc-piece of the telescope, and that winch 
IS gent vcitically is again thice tunes leflcctcd, fiist into the telescope’s axis at /, tlien fjom w, 
at the otliei end of the axis, clown to ?i, the eye-picce of the long micioscopo m xvluch has 
a lens at o, and a diagonal icctaiigulai piism in the cyc-pieco, that at the same time reflects 
the light and magntfics, m consequence of one o( Us faces being giound and polished into 
a convex cuive thus lendciing tlio disc in the axis and Us contiguous plumb lino visible in a 
magnified state, and thciefoic capable of nice bisection. The vessel that holds the watoi, foi 
the immeision of the plumb-line, is also seen at neat the telescope’s bent cyc-picco, and 
paiallel to its lowei end is a section of the end of the secloial scale, with the contiguous 
microscope foi viewing the plumb line, and reading the divisions. The inechaiiistn foi adjust¬ 
ing the fiamc vcitically is seen above the plank ady whcio q shows the situation of the gia 
dualed azimuth cucle, and r the fixed ciicle for clamping the fiamo in any given posiUon, 
indicated by the veiniei, using fiom the lower to the upper qiicle. Undei the lower cucle aie 
two flat plates adjustable by screws, one fiom east to west, and the othci fiom noilli to south. 
These parts ai e seen in then place in figuie C, which gives a bettei idea of the lelaiivc positions 
of the screws, clamp, and veimer than woids alone can convey The application of the clamp 
is however bettei seen at the bottom of fig, % where the solid pail appears that connects 
it with the frame. The smallci cucle in fig. 6 is the graduated moving azimuth circle, and 
the laiger one the fixed circle holding the clamp when screwed fast. The horizontal top 
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fiaitie, 01 table, i? icpiescnted by fig. 7*5 having 1 I& Oonlial hole so shaped as to touch the 
tubulai pivot of the innei fiame ui thiee points only, one of which is piessed inwaids by a 
helical spimg, to allow of its adapting itself to the situation tliat the adjustment at the infeiioi 
solid pivot may command. 

4'. Fig. 2 shows an elevation of tlie intci ‘101 fiamo alone scon sidewisowhich is the posi¬ 
tion given it by tuimng it thiougli 90“ of azimuth. Ileie the inannei in which the biass 
cylmdeis connect the uppci end, and caiiythe uppci pivot and Y plate, is distinctly seen, 
and It appeals, by a compaiison with fig. 1, how the tube of the micioscopo is fixed by cioss- 
bais and pillais to the sides of the lovolving flame. Tn this view the iniciosoopc*s tube lies 
parallel to the tube of the telescope, and hides the long pipe in pail, down which the plumb- 
line descends. The pulleys lound which the coids pass, that sustain the countoi poising 
weights, seen m this figuie at each side of the telescope, have their axles bottci seen in the 
pcispcctive general figmc m Plato XXVII., but tlic latcliet wheels of the two lowest ate seen 
m thi>, figiuc, and the uppci pan aic given in dotted hues, by icason of then being coticoalcd 
the lowoi ends ol the coids aie made fast to pins adapted foi lecciving them, and attached to 
the tube at opposite sides. The situation of the sectoi*, and of its paiallel bai, aie likewise 
seen above Ihe eyo-piecc of the telescope, as well as the screw of the micioiticler, the axis of 
which IS in a plane paiallel to the face of the soctoi, and conso<][uently at light angles to the 
telescope’s axis, a small circulai section of it only is seen in this figuie, which la the end 
of one of its pivots. An enhugod view of the miciomclcr, and a section of Iho field of viow 
of tho tclcscojic, aie given in fig. .5, whcic the point of the scicw is icsting against its stud 
neai the lower cxticmity of the Lugo tube. Tho screws of adjustment foi collimatiou and 
system of wiics aio hoie distinctly aceii in then places, and llio maunei in which the micio- 
inetci 18 held by a bai, paiallel to the scale, biaced by an edge-bar along its middle , on any 
palt of which it may be made fast by the clamping sciews, so that tho scicw may always stand 
at right angles to the tube of the telcscojie at llic middle of the stud. 1 

5. It lemairts yet, that wo give an account of fig 3, to which wo lofeircd in passing, and 
also of the figuie connected with it. Fig. 3 shows tho luljustahlc cock of suspension, caiiying 
the plumb-hnc, with a section of the axis wheic the luminous disc is placed, and fixed, aflei 
being adjusted to its place, by the scicws that act in two iliiections on the plate that holds it. 
The sciew i is that which the long lod with an univoisal joint takes hold of with its liollow 
squaicd cntl, and by its action against iho tail-pieco s alters the siWalion of the pint l, in whicJi 
IS a fine notch 01 deep line cut to guide the ducction of the plnmh-hnc, suspcndccl flom the, 
pm above, and fixed by a scicw and collet. Tins piece is made fast to two of tho hi ass lods 
01 cylindciB beaiing the Y plates. The helical spimg opjiosod to the ascending motion of this 
tail-piecc IS strong enough to keep it steadily in its place, and it is easy to peicbivo, tlut a 
motion given to this tail-pioco will bring the plumh-luic to any rcipmed situation, bbfoio 
the face of tho disc below it, ovci the centre of wlucli it now lies. This adjustment legulatcs 
the position of tho plumb-line, only as it regards tho contial dot of Iho dtto, but not its dis¬ 
tance flom it, which is impoilant to picvont parallax, ibis is done by a sci'osy behind, acting 
on the piece I, as shown edgewise in fig. 4, the upper pait of which, thiough which the screw 
passes, is elastic, and may bo biought foi ward just so much as to,allow die plumb-hnc to hang 
close to the disc without touching it. The axis is of course perioiated above and below, to 
von. n, 3 z 
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allow the pluinb-lme to pass acioss at the place ol this section^ when loaded with as gieat a 
weight as it will beai out of wateu Besides the pieceding paits, a iclcbcopc of twcnty.inne 
inches focal length may be attached to a flame cai ued by the laige tube, with its axis in the plane 
of the divided sectoi, as seen at the middle of 2, by means of winch tlie insiiumcnt may be 
In ought into the mciidian, and tho beaiing of any object detci mined by llie azimuth cade, 
Fiom this descuption it will be obvious, that, if the axis of Ihe telescope is sufToied to have 
motion in its Yb lengthwise, the disc and divided scale of the sectoi will be liable to have then 
distance flom the pliimbdine varied occasionally, winch change would be detuinenlal to tlie 
accuucy of the leadings, theiefoie the Y plates cany each a lollci, one of them uigcd by a 
spang, winch, piessing against the ends of the pivots neai the cncumfcienccs, pi event all play 
m a longitudinal dnection. The 7s aie adjusted exactly as in a tian&it instiumcnt, and 
sustain the diminished weight of the whole nistiumcnt The sectoi is divided into sixteen 
degiees by fine points made on gold pins, and each degiee subdivided into 5* spaces, winch liavo 
been found extiemely accuiate The object-glass of the telescope lies just above the axis, and 
so neaily in the same hoiniontal plane with a plate made fast above it, that a *slidci moved by 
two stungs, passing ovei fixed pulleys, will close the apeitiue at any time, wdicn the in&Uumcnt 
IS not in use. 

6 . Adjiisiments —The auangements of the wucs in the eye piece of this instiument aro 
supposed to be finally put light by the makei, but may bo examined by ])iopping the long 
tube ill a hoiizontal situation in seveial places on a long table, while the-pivots of its axis icst 
ni a pail of detached 7s, and by bisecting a distant maik near tho hoiizon, both with Iho 
veitical and houzonlal wires, then if tho tube be turned so as to place the axis in the levcised 
position of the same pan of 7s lemainmg unmoved, it will appeal whether the optical centio 
lb bisected by eithei oi both wncs, which then may bo adjusted accoidingly, by doing away 
one half of each eiioi by the piopei ocular screws, and the othei half by Uic alicied position 
of the 7s But to do this, the sectoi will legiiue to be dismounted with cxticme caie, and 
had bettei be done by a skilful aitist, who will have supeuor moans of managing so delicate ft 
business. If the ciossmg linos aic not in vortical and houzontal positions, winch may bc 
seen by alteiing the elevation of the telescope slowly on a distant mailc, when the axis is level, 
the wiie plate will icquiie to be tinned louncl till it is light, befoio the adjustment foi collima- 
tiott takes place. Supposing the oculai wucs to be piopoily adjusted, and tlio insinuiacnt 
otherwise lu a state fit foi being used, and biought to a station, the fiist mcasiue ih to picpare 
tlie giound on winch it is destined to stand, by diiving stakes, oi strong posts, as deep into 
the eaith as may seem to be lequued, at such distances fiom each other as will adapt them to 
hold ihe foil! feet of the stand, when cut so as to make a level plane, caic being taken that zeio 
of the azimuth circle inaystand nearly m its place. As a lempoiaiy building xs generally elected 
round the station, with an opening in the middle of the flooi, this opening must include tho 
stakes, so as to insulate them and the stand fiom the flooj, befoic the latter be sciewcd fast to 
the formci. When tho inner flame, with the sectoi m its place, has been intioducecl caicfully 
into the middle of the stand, with its lower pivot m the conical hole, and llie telescope cieot, 
the cover of the stand must be placed ovei it, so as to leceive the piece of tube fotmuig tho 
uppei pivot, and thou sciewcd down to its place, when in all probability the adjustments will 
all be within the command of then pioper sciews. xThc plane of the divided aich may now 
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be bioughi paiallcl to one of the steles of the stand, the innei fiame may be clamped to the 
fixed hoiizouUl cucle, and the plumbdinc be suspended fiom its pm, and its weight put on 
wiihm the watci-vessel, to avoid a fiactiuc it will now be seen, when the plummet comes to 
lest, whcthei the line hangs paiallel to the tube oi not, by obseivmg its distance fiom the 
locale, and also whethei the telescope suspended by its pivots hangs veitical, as the plumb-line 
icgaids the disc above and mo of the scale below This pievious examination of the existing 
position being made, it will appeal in what lespcct it is most faulty, and what is fiist requued 
to be done. In all piohability the sciews of the adjustable plates under the azimuth cucle 
Will lequuc to be lirst used, to bung the iniiei fiaine into a veitical position, m the two oppo¬ 
site dueciions, appioximalely, so that when the point ?cio of the sectoi is biought to the 
plumbdine it may not dcpail fai fiom it, while the fiamc, being unclamped, levolves, Dining 
the fiisl icvolulion it will be lemaiked m what diiecUon the inclination of the icvolving fiame 
IS gi oiliest, and the sciews of the plate acting in that ducctiou must be applied, to dimini^jli 
the piepondciating ciroi. When the position of the innei fiame has been thus biought 
loughly to a siUiatiou approaching to vciUcalily, it may now be made tiuly so by dividing the 
euoi, m each of Ihc two cluections, between the piopei sciew below, and the indication of 
the plumb-line on the sector, by means of the scicw’s motion. When this has been done in 
the leverscd eastern and western positions, the same must be done at 90 ° distance in the noith 
and south positions j and when the plumb lino will keep its place exactly at four equidistant 
points of the hou/on, it will do so at eveiy pait ol a slow icvolution, and the fiamc will be 
placed m its tuic veitical position, which will complete the first impoitani adjustment, when 
the instiumcnt may be left foi some lioius to settle in its new abode, to show if the foundation 
be good* If aflei a convenient intcival no alteiation has taken place in tlie veitical position 
of the fiame, the woik of adjustment may pioccod. The next opeiatiou will bo to place the 
telcscopo^s axis level, or at ugliL angles with the vertical line that foims the axis of the ic¬ 
volving fiame, this is done by the iiding level, placed on the pivots of the axis, when the 
bubble of the level must ho biought to Us zcio by the sciows of the Y plates, that elevate oi 
depioss one end of the axis, when this is done the level ought to have its bubble ui the same 
, when tiuucd end for end into a i evened position 5 but if this will not take place, one half 
of the cuoi must be attributed to the level, and the olliei half to the axis, and if the level 



has an adjuslmcnt, the error must be so divided between them, by then lespectivc adjustments, 

that the bubble will keep its place in both positions of the level, but if tins is not the case, 

and the level has no mcclmmcal adjustment by sciews oi olheiwise, that Y must be sciaped or 

filed a little lowaids which the bubble ascends, until the desired effect is pioduced j when the 

tube of the telescope, being by constiuciion at light angles to its axis, will become veitica), and 

therofoic paiallel to the axis ol' the flame that holds it, and will icvolvo lonnd a veitical line, 

though its optical axis may not ho quite paiallel to the tube. Xu this situation both the plumb- 

line and level ought to piesoivc their 1 dative positions unchanged, duung an ontne levolution 

of the /ramo within the stand, piovkled the stand continue insulated, and on a stable basis. It 

yet lemains to adjust the point of suspension of the plumb-hno to the cential point of the disc 

withm the axis, and likewise the distance of the line as close to the face of the disc, and also of 

the sectoial scale, as can be effected without actual contact 5 which may be done, the formei 

by moving the tajl-piecc of the suspension cock by the handle of the long locl, and the lattei 

3 z 2 
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bj' the sciew acting on the elastic small bai behind the pin of suspension; and if the disc 
and scale aie found at the same distance fiom the suspended line, it will be an additional pioof 
that the pieceding adjustments have been cou’ectly made, and also will show that the icUtive 
positions of these delicate paits of the mstiument have not been doiaiigcd by caniago oi lough 
usage, and the woik maybe commenced with coiiesponding confidence* Tho miciomcici must 
now be adjusted on its bai till the plumb-line indicates 0 on the scale, while tho index shows 0 
on the miciometei’s head, and the only deviation fioin the zenith point of the heavens in this 
position will be that which will be occasioned by the diffeience between tlic optical and mocha^ 
meal axes of the telescope^s tube, which will constitute the double enoi in measuung with the 
i sectoi alternately facing the east and west, foi half the sum of the two moasmes, will hcie, as 

in othei instruments, give the collimated mean, and half the diffeioncc the enor of colhmation 
in zenith distance. Nothing now lemains in the shape of an adjustment, when the value of the 
imciometei’s scale is known, but to place the plane of the sectoi in the mciulian, by means of the 
attached small telescope and the azimuth cncle, which may be done by obsei vmg the two gioatest 
elongations of the pole stai, oi othei cucumpolar stai, duiing an intcival difleung but little 
fiom twelve houis, when the imdclle point on the azimuth ciiclc will show tho icquued position 
with sufficient acciii acy, without computation, It is hai dly neccssaiy to add, tliat the zoni Lli star 
to be observed will pass the telescope, duocied to its zenith distance on Iho scale, at tho time 
when its appaient light ascension is indiCcaled by a good sideical clock showing piopei iimcj 
but that, if a solai clock oi chionometei be used, the sideical time couosponding to such solar 
time on the given day must be computed, as we have diiccted m oiu fiist volume, oi still nioic 

conveniently by means of the Supplement to the Nautical Almanac, published for the fiisi 
time m the cuuent yeai, 

7 . Ob$ervatiom —When the sectoi is adjusted in all respects, the lime ot obsoi ving a given 
zenith star will depend on its light ascension, compaicd with the sidcical tune given by tho 
clock, 01 computed fiom the solai time, as above dnected, movo the object end of tho tube 
towaids the noith 01 south, accoidmgly as the stai passes wiUuospecttothezonilh of the place* 
which may be known by compaiing its co-latitude with iho stains polai distance, until il 
IS found in the field of view, and neaily at the contial hoiizontal wuo, tho sectoi being fiist 
adjusted till the plumb line inchcatcb some point on the scale exactly, which is called th 
point OH the hinb at the head of cvciy senes of obsei valions then adjusting the miciomctei 
till its SCIew just beats against its stud, put zero on its head to the index, and tuui it forwards 
till the stai IS bisected by tho wuo, along which it will iiui, as a bead on a Ihiead, if tho 
msti ument be pipperly adjusted Nowtho divisions lead on the head togelhci with tho entire 
I evolutions of the sciew, conveited into aic, and added to the leading on the sector, will give 
the total aic of measiue fiom the apparent zenith in that position, which may be cither facing east 
or west, but, before the obseivalion is complete, the star must be ohsoivcd with the sectoi in 
both positions, and the oftener the inoie desirable, as colhmation is concerned. If the measure 
be small, it maybe taken by the sciew alone, beginning at zero of tho sector in both positions. 
In the tempoiaiy election in which the obseivations of the siuvey wcie made, the au in the 
day time was usually warmei neai the uppei end than at the lowei end of the sector, and tho 
contiary at night j so that tlie divided aic would not expand and contiact in tho same ratio m 
the diffeient parts of the lube, and the coriection foi the eiroi thus produced was determined 
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by placing a thei’mometei* above and another below, the mean state of which had been found 
equal to the state of a ihcimoinetei placed at the middle, according to some experiments that 
were made. Hence tlie following table was computed to give the reqmied correction of the 
obscivod xcnith distance of a stai, on account of the expansion or contiaction of the tube by 
a vaiiation of 1® of heat. 


In the use of this table, the corrections 
must have a negative sign when the up. 
per thermometer denotes the air to he 
hotter above than hclow, but positive if 
the contiaiy. 


The table, foi showing the value of any numhoi of divisions on the head of the micrometer, is 
founded on an experimental measuicmcnt of the whole aic, at a mean temperature, from which 
it appealed that a 5' space was uin ovei by live ievolutions and forty-five divisions, making one 
division noaily, and C0=:60".10. As examples of the method of legistering and re¬ 

ducing the ohsei valions made by tins uistiument, wo will give those that were made on the stais 
^ and y Diaconis at Giecmvich, Dunnosc, and Beacon IIill, near Clifton m Yoikshn’c, suc¬ 
cessively, by the last pairs of which the long aic was detcitmned, so fai as these individual 
stius were concerned, 

f 

8. OBSERVATIONS Mann at the ROYAL OBSERVATORY with the ZENITH 

SECTOR Aprie, 1802. 



Observed Zenith Distance of $ Draconis. 
Point on the limb 0° US' North. 


1““ f Kuml) lino Zan dwl m rov. and 

nioiHh the nrcii of tUo siai? paHs 


Kev I)iv Rev 

W. 9 57.80 6 

E. 8 35.4911 

W, 10 7.84 G 

W. 9 24.031 fi 


Biv 

44.2,0“ 
40.9 
53 0 

II .5 


Rov, Div 

55' 3 13.60,0“ 

5.41 
13.84 
13.13 


58' l(y'.92 29.9 
S.7130.1 
11 .1629.8 
10.45 29 .5 


Thermonttctor* 

BHQH 

^ 40.0 

40.0 

38 0 

38.0 

4 i 4 s nO 

44.0 

42.0 

42.0 
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Reduction of jS Draconis. 


Apiil 16.0° 58' 87".C6 

25 . 36.02 

26 . ... 34.98 

Mean of W. 0 58 36.22 

Apnl 23, E. 0 58 28.07 

Mean of W and E 

Sum of five collections,' 
including icfi action, 
piecession, abciia- 
tion, and nutation, 
solar and lunai . 

0" 58' 32". 14 

! 

1 

^ 4" 0 *09 

J difK 01 collim* * « . 4i ^07 

Apparent zenith distance 

= 0 58 33.13 


Observed Zenhh Distance of y Draconis 
Point on the limb 0° O', Noith. 


Day of tlic 
mouth 

Face of 
iho arch 

Plumb-luie 

ObsGivation 
of tlio stai 

Zen (hsthniGV and 
parts 1 

Zen di*!! ic- 
duced 

i 

Raruin 

1 

Thermomotor 

Above 

Below 



Bov 

biv 

Rev Div 

Rov Div 






Apul 16 

w. 

10 

21 73 

8 18 3 

0“ 0' 2 3.23 

0 " 2' 

1" 43 

29.9 

45.0 


19 

¥ 

; 9 

9.40 

7 4.1 

5.30 


8.50 

31 1 

53 0 


22 

E. 

^ 8 

14.48 

10 9.5 

1 54.02 

1 

53.21 

29.9 

55 0 : 


23 

E 

9 

21.79 

10 18.5 

55.71 


54.90 

30.1 

38 0 : 


25 

W. 

i 1 

9 

39.52 

7 34.4 

2 5.12 

2 

3.32 

29.0 

44.0 



Reduction or y Draconis. 




Apiil 16 

19 

S3 


a> g' 


S8".S 
29 92 
28.55 



Mean of West 0 2 28.94 






22 

23 


O' 


2' 19".05 
20 .54 


Mean of East 0 2 19.71 


.. . T i ‘ f"'1|.J | !■ , 


Mean of W* and E 
Sum of five coucct» 
Collimation 4" 57 


♦ 7en* disUnco 



O' 

2 ' 

24".S0 



0.03 

0 

2 

24.39 

.. .. _ ___ 
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OB9EIIVATI0N8 MADE AT DONNOSE ON (3 DttACOKIS. 

Point on the limb 1 “ 50', North. 


f the 

th it 


im 

May 


June 


11 

13 

14. 

IG 

5 

8 

11 

13 

14' 

16 

l7i 

18 

20 

21 


W. 

E 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

E. 

W. 

E. 


Phimh-lifie 

OhbCivatiou 
of the atm 

Zen (list in icv« mid 
parts 

Zemih diBinnco 

1 educed, 

Barom 

Rev 

Div 

Rev 

Dxv 

Rev 

Riv 



9 

4.82 

9 

17 9 

r 50' 0 

13.08 

1" 49' 46".90:28,86 

9 

16.95 

8 

50 0 


19.95 

40.02' 

28 .85 

9 

34.25 

9 

47.5 


13 25 

46.73,28 .92 

8 

32 .16 

8 

14.0 


18.10 

41.81 

28 .82 

0 

23 .00 

G 

30 0 


7.00 

52 99' 

i28 .4*5 

8 

14.02 

8 

2.0 


12.02 

47.96 

28 .49 

6 

57.40, 

7 

2 0 


4.20 

55.79 

28.54 

9 

39 .50 

9 

29.5 


10.00 

49 .98 

28 .79 

S 

19.29 

8 

23.7 


4,41 

55.58 

28.86 

3 

50 .61 

3 

47.0 


9.61 

50.37 

28.75 

8 

38.52 

8 

41 5 


2.98 

57,02 

28 82 

IJ 

81.87 

11 

21 .5 


10.87 

49.61 

i28 .81 

8 

53 .27 

8 

54.2 


0.93 

59.07 29 .08 

10 

27.05 

10 

19.7' 


7.85 

52.04 

|28.99 


Thermometer 
Above I Below 


43.5 

36.5 
34 5 

35.5 

51.5 
52.0 

52.5 
53 .0 
54.2 

59.5 
56.1 
52.0 

57.5 

.50.5 


43 .5 
88 .0 
84.5 

84.5 

51.5 
51.8 
52 .0 

52.7 

53.0 

00 .0 

58.0 
51.0 
58 .0 
55 .5 


Obseuvations at Dunnose on y Duaconis. 
Point on the limb 0 “ 50', North. 


ly of the 
nonl’ 




Tlioimometci 


Above. 


1802. 
,May 10 
11 
13 

14 ' 

10 

June 11 

13 

14 
16 

17 

18 
20 
21 


E. 

W. 

E. 

W. 

E. ' 

W. 

E. 

W. 

E. 

W, 

E. 

W. 

E. 


Rev ])iv Ilov 

10 15.5213 
9 38.06 5 

8 47 .SO 12 
7 32 38 3 

9 40.0013 

7 20.70 3 
9 3G.3513 

8 25.26 4 

9 48.3314 
8 32 .G 6 4 

11 32.7715 

8 9.48 4 

11 52.9215 


Div 

48.110“ 

56.4 

81.4 

49 .2 

15.2 

29.5 

20 3 

33.4 

37.4 

39.4 

17 .9 
17.0 

40.0 


Bov Olv 

50' 3 32 75: 
41.20! 
34 10 
42.18' 

34.20 

50.20 
42.95 
50.80 

45.07 

52 20 
44.13, 
51.48 

47.08 
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Reduction op jS Duaconis, 


May 11 

14* 

June 5 

11 

14. 

17 

go 

I 

r 50' 7".65 
7.00 
6,11 
6.99 
5 87 
6.32 
7.43 

May 13' 

16 

June 8 

13 

16 

18 

21 

r 50' 0".23 

1.10 

6,12 

0.55 

0.01 

49 58.59 

50 0.68 

Zen dist. mean of W. & E. 1° 50' 3" 53 

Mean lefi action, &c. . . + 1.83, 

Tcmpciatmo .... - 0.05 

Expansion of lelc.scope . + 0,00 

Colhmation 3".35 . . . 

Mean of W. 

1 50 6,89 

Mean of E. 

1 50 0.18 

Zenith distance . . .1 50 5,81 


Reduction of y Draconis 


May 11 

14 

June 11 

14 

17 

20 

1 

0° 54' 0" 34 

0 12 
53 59.45 
59.14 
59.44 
57,83 

May 10 
13 
16 

June 13 

17 

18 
21 

O’ 58' 51" 66 
52.31 
51,54 
51 53 
53.58 
51 11 
53' .07 

. 1 

Mean of West and East 0’ 53' 55" 75 
llefi action, &c . . I 0 91 

'rempciaiiuc ... — 0.02 

Expansion ... 0,00 

Colliinalion 3",64 . , 

Mean of W 

0 58 59.39 

Mean of E 

0 53 52.11 

Zenith distance . . 0 53 50,61 


10. Observations made at Beacon Hirx on ^ DuACONr*^. 

Point on the limb 1® 0' South, 


Day of tlic, 
month 

Face of 
tho nroh 

Plumb-line 

Observation 
of stai 

Zen (bat in i evolu¬ 
tions 

Zemth (battmeo 
i educed 

Baioin 

^ V-. ^ ^ f 

TlieimonioUr 

Abuve 

Below 

1802. 


Rev 

— 

Rev 

Div 

Rev Div 




Hr 

July 

20 

w. 

12 

mmm 

12 

14 8 

1“ 0' 0 13 76 

1“ 0' IS" 78 

28 8 

58.0 

dOA) 

1 

i 

22' 

w. 

7 

S3 .83 

13 

12.0 

17 .67 

15.52 

28.7 

54.0 

54.5 

1 

2C 

E. 

13 

27.55 

13 

6 8 

20.75 

20.78 

28. 8 

G4 .2 

04 ,3 

1 

28 

¥. 

9 

21.91 

9 

32.3 

10.36 

10.38 

28. 8 

59 5 

53.5 


29 

E. 

9 

3.13 

8 

44.1 

18 .03 

18 .06 

28 8 

56.5 

57.5 ’ 

JL 

31 

W, 

9 

84.59 

9 

44.1 

9.51 

9.52 

29. 0 

57.2 

56 1.7 

Aug, 

1 

E 

8 


8 

18.5 

17.50 

17.53 

29. 2 

59.5 

57 ,2 


3 

w. 

8 

57.87 

9 

8 9 

10.03 

10.05 

29.16 

68 0 

04.5 


5 

E. 

8 

11.26 

7 

58 8 

16.46 

16.48 

29. 0 

7] .5 

78 .2 


7 


8 

51.74 

9 

1.6 

8.86 

8 87 

28. 9 

67.2 

GO ,1 

: 

8 

JUi. 

8 

14 84 

7 

57.9 

15.94 

15 96 

28. 9 

65.1 

65 *1 

; 

12 

E, 

11 

7.98 

10 

50.6 

16 38 

16 .41 

29.15 

58.1 

58 .0 


13 

w. 

8 

HKHISi 

8 

IT 

80 4 

8.40 

8.41 

29 3 

61.2 

6J .1 


17 

iiSt 

8 

30 33 

8 

15 8 

14 .53 

14.55 

29 1 

70.5 

71.0 


18 

w. 

8 

46 62 

8 

54.7 

8.08 

...... 

8.09 

28. 8 

70.1 

70.3 
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Reduction or 0 Draconis. 


July 20 

r 0' 13" 82 

■ 

July 26 

r 0' 22" 4.1 

Mocin of W. and E . . r 0' 16" 89 

22 

13 15 

29 

20.26 

Rdiaction, &c . . -1 0.95 

28 

12 38 

Aiiaust 1 

20 39 

CoUuTiation 3'*J78 , 

31 

12 15 

d 

20 16 

: 

August 3 

13 .20 

8 

20 15 


7 

12,87 

12 

21 25 


3 

13 42 

17 

20 11 


18 

13 80' 




:Mcaii ol W. 

1 0 13.11 

Mean ot K 

1 0 20 68 

Zcmlh distance ... 1 0 17.84 




ObSI-UVA riONS AT UlACON IIiLL ON y DrACONIS. 

’ Point on the limb 1“ 55' South. 


l)u) (»f iho 

iLlOtltll 

Futc of 
the uitU 

Pliiinh-liue 

Ohservatloa 
ot stiu 

Zen (list ni rtjvolu- 
lions 

iSiiiiiili distance 

1 (duced 

Thu OKI 

Theinic 

Above 

i 

miLlct 

Ih low 

1802 


lUv 

])iv 

lUv 

Div 

lUv Dav 



56 5 


July 

20 

w . 

11 

40 24 

13 

12 8 

r 55 ' 1 22 56 

r 56' 21 " 69 

28.9 ' 

55 0 

21 

E 

7 

23.81 

5 

53 .7 

29.11 

28 .26 

28 5 

53 0 

52 2 


22 

W. 

7 

54 31 

9 

17.1 

21 79 

20 .92 

28 7 

54 .5 

.54 .5 


23 

E 

3 

46 15 

2 

18 9 

27 .25 

26 .39 

29 0 

56 1 

•56.1 


26 

W. 

9 

8 .47 

10 

29 5 

21 03 

20.16 

28.8 

64 .0 

64 0 


28 

E 

9 

35 .56 

8 

9.6 

25 .96 

25 .11 

28.8 , 

SG .2 

57 .3 


29 

W. 

8 

4i4 *44 

10 

4.5 

19 .09 

19.03 

29 0 j 

56 .5 

56 5 

Aug 

1 

w . 

8 

41.22 

10 

3.0 

20 .78 

19 91 

29 2 ! 

59 5 

57.0 

3 

E 

9 

7.59 

7 

40.3 

26 .29 

25.43 

29.1 

68 .0 

() 4 i .5 


5 

: E 

7 

50 50, 

6 

25.0 

25 50 

24 .64 

29 0 

73 0 

710 


7 

W 

0 

7 .55 

10 

24.6 

17 .05 

16.18 

28 9 

04.2 

65 .2 


12 

E. 

11 

7.56 

9 

42 .7 

23 .86 

23 .00 

29.1 

57 .5 

57 .5 


13 

W 

8 

12.48 

9 

29 4 

16 .92 

16.04 

29 .3 

63 .0 

61.2 


17 

E. 

8 

10 .32 

6 

46 .0 

23 .32 

22.46 

29 .0 

69.5 

70 .5 ' 


18 

A M n-i 

W 

8 

32 97 

9 

48 5 

15 .53 

14 65 

28 .8 

70.0 j 

70 1 
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Reduction or y Duaconis S 


1 

July 20 

22 

26 

20 

1 August 1 

11 

13 

18 

r 56' 21" 63 
21.47 
21 72 
21 67 
22 (JO 
20.45 
21 .55 
21 03 

July 21 

23 

28 

August 3 

5 

12 

17 

1" 56' 28" 50 

27 .14. 

27 15 

28 86 
28 51. 
28 28 
28 66 

1 

Mean of W and K 1“ 56' 24." 80 

Roll action, &c + 1 .78 

Colhmation 3" 30 

1 

Mean of W. 

i 

1 56 21 55 

Mean of E 

1 56 28.16 

'zemth distance 1 56 2G 04. 


Hcuce we deduce the following difTeienccs of latitude tiom Giccmvich without lofciencc to 
the known polai distance of cithei of the two stais, which diffoiencos, applied to the known 
latilnde of Gicenwich, will give the latitudes of the othci two stations, and also we obtain the 
total aic between Diimiose and Beacon Hill, neai Clifton, m the following inannei, v\7„ 



By /3 Draconis 

By 

y Duaconis 

Zen dist at Giccnwich . 

0° 

58' 

33" 13 N. 

. 0’ 

2' 

21."S<J N 

at Dunnose . . . 

1 

50 

5 31 N 

0 

.53 

56 .64. N. 

at Beacon IIill 

1 

0 

17 84. S 

. 1 

56 

20 .04 S 

Difi’. of Dunnose and Gieeuwich 

0 

51 

32 18 . 

0 

51 

32.25 

of Beacon Hill and Gicenwich 

1 

58 

50 97 

1 

58 

51,03 

Whole aic fiom Dunnose to Beacon Hill 2 

50 

23 15 

2 

50 

23 28 

Taking the latitude of Gicenwich at 

. 51 

27 

30 00 

. 51 

27 

39 .00 

We have lat of Dunnose 

50 

36 

6 82 

. 50 

36 

6 7.5 

And albO lat of Beacon Hill 

5S 

26 

29 (J7 

5.3 

26 

30 .03 


By a mean of eight stais the diff of Dunnose and Gieenwich is 0“ .^1' 

Beacon Hill and ditto 1 

And a mean of seventeen stais gives the total aic between the extiemo stations Q 50 


31" 3!/ 
51 59 
23 38 


§ LWXI ZENITH SECTOR BY TROUGHTON [Plati XXVII ] 

& 

1 After, the ample account we have given of Ramsclen^s zenith sectoi, we shall not have oc¬ 
casion to dwell on an instuimeni by Tioughton of a much moie simple constiuctioii, and moie 
easily conveyed fiom one station to anothei ^ as well as moie leadily put up and adjusted for ob- 
seivations In all his msiiuments Mi»Troughton seems to have avoided a beamig at theuppoi 
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puot of ti long axis, if we except the Aimngh equatoual, of which consliuttion he nc\ci 
made a second and his icason is obvious, when the supeiioi end of a long axis is suppoited 
by metallic oi wooden siqipoits of coiisidei able dimensions, winch they must be if they ascend 
lioin the giomul, the foiinci will deunige thcvcitical adjustment by cxjiansion by heat, and 
the lattci by the absence oi piesence of nioistiuo allectuig the dimensions of the inateual. 
On this account, we geneially find his instiunients tuimng on axes at oi neai the bases, and 
giiaidcd fioin sudden changes of tcmpoiatuic by simouiidmg sockets. Sometimes these axes 
ascend, as in the South Kilwoith ciiclc, but iiioio fiequeiitly they descend, as in the Westbmy 
ciicle, and m one of laigci dimensions now in band foi Edinbuigh (1808), A zenith scctoi 
founded on this piinciplc is lepiesented in pcispcclive by lig 3 of Plate XXVII, in which all 
the paits aie so cleaily piescnted to view, that the dcsiiiption may be vciy shoit, and will be 
easily coinpiehendcd It was constiucLed foi the use of the Ainciican States, but iti its pas* 
sago was taken in the wai by a piivaleci, winch earned it to Sanitc Cioix, Avhcic it has been 
of little use to astionoiny Piofessoi Schunuichci houowod this secloi, not long ago, to assist 
him 111 hib tiigonoinebical opcialiona, but it did nol anive at Copenhagen in time to be sei- 
viccablc 

0 The stand of this scctoi is a stiong mahogany tiipod, Inaccd at eveiy side by a uoss, 
and having a solid top, as scon in the figuic, it fbuns a detached suppoit to sustain the weight 
of the instiiunent, on the top of thiee stakes duven into the giouiid, at the angles of an oqui 
laleial tiianglc of similai dimensions The base ol the instiument itself is (oimcd of thiee stiong 
cdgc-bais connected by a solid ciiclc, and having lect-scicws at then exticmo cuds, voiy similai 
to those of oui new ciiculai mstiumcnt made by b'ayici. (§ LXXl.) 'I’lic feet sciews ol tins 
base stand exactly ovei the stiong feet of the tiipod, two ol them in mctallie ccutie-picccs, 
and the third on a tiiangulai small stool, two legs of wluih loan llio fulcuun lound winch a 
slow motion of adjustment is given by a fine sciew foiinmg the thud leg. 'fins sciew stands 
in the line foiming noilh and soulh, when the uisLiumeiit is used, in winch diicclion the voi* 
tical position ol the axis rcquiies to be nicely adjusted. The axis of mbtion is a solid {ono 
descending into a deep vcitical socket, caiiied by the ccntie ol the tiipod, to which it is fuinly 
screwed, and in the solid cential pait of the wheel, oi giadnatod ouelc', nnulc fast to the axis, 
aic mscitod six upiight conical pillais, that siuiound a watci-vcssel lesting at the cenlie. On 
the tops of these pillais the lowei end of a huge cential tube of biass is made Iasi, which may 
be called the body of the instiument, as it has scvoial appendages atlacliud to it that consti* 
tutc the moic delicate paits of the mcchamstn This laigc tube, wlncli is longoi as well as of 
gicalei diametei than the telescope’s tube, is always kept in a vcitical position by a jiliiinb* 
line, that descends down its cential pait, and is viewed ncai the lowci end in two dnections, 
at light angles to each othci, by a gbost-appaiatiis, composed of two compoiuul micioscopes, 
caiiying each a disc of mothci of-peail as an object, the images ol whicli aio biought to coin¬ 
cide with the plumb-line, so as to have no paiallax, when viewed in cithei of the two diioc- 
tions*, wildeas the disc and plumb-line m llamsdon’s sectoi aic obliged to be so contiguous 
as to foiixi but one image in the micioscopc, the two paits of winch cannot be cq^ually disUuct. 
This plumb-line is adjusted by the suspension appaiatus, at the supciioi end of the lube, anti 

by the feet .sciews, by the method of halving the ciioi, till it will keep its position duiiug 

4 A 0 
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level Sion, and, swinging at the centie of motion, is but little disliiibed while the uiclc tin ns. 
The azimuth cucle has stops that give notice when a semi-ievolution has been pcifoiiuod, and 
reads by tluec equidistant veinieis earned by the aims of the base, which have also pins foi 
leceiving the eye-piecc, foiming a simple micioscope, foi leading theveinicis successively. 
The aic of the sectoi has tluec divided scales on it, one extending the whole length, and the 
othei two a little moie than one half, beginning at opposite ends It is made fast acioss the 
exteiioi face of the large tube, above the ghost appaiatus, and at light angles, on an inteime¬ 
diate fixed piece filed quite flat to leccive it this piece piojects fai enough to allow the ob- 
•seiving telescope, which has its axis of motion at the head of the laigc icvolving tube, to 
embiace it while it slides befoie the divisions The axis on which the piiiicipal telescope 
moves is the centie, fiom which the ciuved lines of the aic weic stiuck, and is fixed so as to 
make the telescope move in zenith distance m the same plane that the face of the aic occupies 
The eye-picce of this telescope has a leflcctoi placed at 40° of iiichnation, of the diagon.d 
constmction, that enables the obscivei to diicct his eye lioii/ontally as he stands in his ciect 
position, the illuimnatioii being thioiigli the side of the lube, and a pan of icading-iincio- 
scopes, one at each side of the telescope's optical axis, lead sciiarately the distance fiom the 
stationaiy iilumb-line, which constitutes the mo, hence the two sepaiato divided scales am 
appiopiiated to then icspective micioscopcs, one oi other of which can always lead cvciy pait 
of the sector, which could not so well be done with one alone The whole line connects the 
divisions of the two lialvos These micioscopes appeal iii the figuie above the diagonal eye¬ 
piece, and the thumb scicw with a nulled head neai the lowci end of llic mam tube, above 
the micioscopes, to the left, is the clarapiiig scicw, giving slow motion foi adjustment of t!io 
slai to the lion/onlal lino dining its passage. The pluiiib-Iuie descends down an inclined 
plane to the angulai notch fiom which it is suspended, which picveiits its liability to fiacluie 
at that point, when loaded to its full extent. The axis of the telescope’s motion is not a joint 
but along cylinder, extending diametucally ovci the uppei end of the Luge lube, oi body ol 
the mstuiment, and is made Iioii/ontal by a iidmg level, which may be seen in its place The 
aic of the sectoi is icad by its micioscopes, in the same way that tlie limb of a Luge cucle is 
read, and the micioscopes adjusted in a simiLu maiinci, as well as the plumb-line, and llioie 
foie lequiic no fmthei diiectioiis foi then adjustment. A fianie caiiymg a small telescope, 
which IS mounted on the pivots of its axis, like a small tiansit insti unicnl, is clamped by a img 
embiacmg the cnculai body of the instiument, in such way as to be adjustable to any veilicat 
plane that it may be lequiiod to move m Us use is to find the raciidiaii of the place by tlie 
help of the azimuth cucle, and to place the plane of the scale exactly in the mciidian This 
IS best dono by obseivmg the points of gieatest elongation of PoLms, oi othei ciicumpoLir 
stai, in the mannei befoie (jucoted. (§ LXXVI) 

3. An inspection of tins beautiful instiument is sufficient to convince an cxpeiicnced 
ohservei that Us convenience and accuiacy must be indubitable, when all the paits aic com¬ 
pleted in the way that its inventoi is accustomed to finish his instiumcnts m gcnetal We 
have not given the dimensions, foi this obvious icasoii, that no piactical opciations aie iccoidcd 
as peifoimecl in actual scivice, that wo know of, but it is quite cleai, that the plan of the 
constiLiction is capable of being executed on any scale of dimensions that acciuate lesuits can 
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jeqimc Tlie Zoni oi Siaus published at page 28u of om fiist volume, and explained m 
pages I'll and lUO, will be found an useful companion to this instuiincnt, as well as to its two 
piedccessois, and also to the zenith niicioinotcis, which follow 




r 




§ LXXXII ZENITH HICR01IETER.S fPLATi 9 XI XII. and XIII ] 

1. Tnc zenith inicioinctei is an instalment of leceiit invention, being simply the application ol 
a good wiie inicioinetei to the eye end of a zenith telescope. It diffcis fiom the zenith sectoi 
chiefly in the extent of its scale, which in this iiistiiiment is limited by the field of view j .since 
the incasuic is always taken within the tube of the telescope , and when the magnifying powei 
IS gicat, tins held is piopoitionally small, but what the scale wants in extent, it oompensates in 
acciuacy The fust /oiuth miciomotci was piobably the compamoii of the Gicenwich miual 
cnclc, which wc have aheady descnbecl (§ LXXIl ), whcie a lellectmg telescope foims the 
piincipal poitioii, and was the conliivauce of Mu Tioughton 

? The next uistiumont foi mcasuuiig zenith distimccs by means of a miciometci, was 
made by Mi G Dolloiid, fiom, as wc undoisLaiul, a design by Mi. Pond, whoie a icfiacting 
telescope was used in a veilical position. This was one of the iiisti iiracnts oidcied by the 
English govoiiimciit foi the use of Du TiaiKs, when ho was sent to co-opciato with Mu 
Hasslei m dclcimining the hue of division on the Ameucan hikes, which point ol dispute is 
not yet filially settled Du Tiaiks speaks in tciiiib of gieat commendation icspccling this in- 
stiumcut, but as Ins coadjutoi and he had duplicates of a good lepeatiug cuele, they employed 
them chiefly to detoiminc the latitudes, and used tlio /emth nnciomclci less Ilian oLlieiwisc it 
would have been employed, Ihe dillbieiit paiLs ol Lius /.enilh miciometoi aic icpiesenled by 
figmes 4, Si 6, 7, and 8, of Plate XL, diawn fiom a scale of two inches to the loot of its leal 
dimensions. Eiguics 0 and 7 give dilleicnt views ol the veitical telescope, the object-glass oi 
whicli IS two niches and tliioc quaitcisin diametei, and Ibily-lwo niches in focal length, the lube 
sciews into the hoiizontal axis of motion, which icscmbics that of a tiaiisiL-instiument, so as to 
be detached at any tunc, and used as an oidinaiy telescope The axis is eighteen inches long, 
exclusive ol the pivots, and when mounted falls iiiLo Ys on the uppei face of a cu culai ring ol 
biass, seen m fig 8, winch louns the uppci cud, of a mahogany stand, biacod at its sides, and 
standing on fcet-scicws, which aio omitted m the plate, as being now easily compi ehciuled 
without paiticuku dcscuption The uppei onds of the loin upught b.iis of thy stand appoai at 
equal distances, two at each side of the Ys, upon the face of the iing, and a similar iing at the 
botfom icceivcs the lowei ends of the same bais, and holds the fccUseiews The pivots of the 
axis may also icst on Ys made in biackels, cailying Y plates, allachcd to a piei 01 wall, sub¬ 
stituted foi the mahogany fiaine, when opportunity will pounit such application. The axis is 
founed into a telescope, by having an eye-lens at one end, and an object-glass at Ihe oLhei, foi 
the puipose of viewing two objects placed in the same hue, one to the east and the othci to the 
west side of the meudian, and exactly at right angles to it, winch maiks aie very convenient 
foi bunging the mslitiment into its due situation foi making zenith observations coiiectly, m 
the reveised positions. The icveisioti is effected by lifting the axis out of its Ys, and changing 
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It end foi end, befoio it is leplaced A plumb-line, seen in fig. 6, descends tliiough boles made 

m the axis, fiom Its point of suspension, whcie the milled head of the fixing sciew appeals 

above the axis, and is viewed by a ghost appaiatus fixed to the main tube, just aliove the 
double miciometci, seen ovei the diagonal eyc-piecc at the lowei extieniKy A disc of niolhei- 
of-peail having an excentnc point foims the object heie, as in like cases, of the compound mi- 
cioscope , which point, by tinning the disc, may be biought to he coincident with the phimh- 
line seen in the focal point of its oculai lenses This aiiangcinent may be easily undeistood 
fioni the appeaiance of these paits in fig 6, hut in fig 7 the cud of the nncioscopo points to- 
wauls the eye, and both the fixing scicws aic seen The plummet, oi jieifoiat od vessel holding 
the shot, is immeised in a watei pot homo by the fiame not oxliibited Tlio two sciews, in 
contact with the mam tube in % 7> one at each side, above tlio double raiciometei, act in a 
pan of cocks made fast to the fiaine just alluded to, oi to the piei when (hat may ho used im 
stead , then use being to fix the telescope exactly pcrpcudiculai, by bunging the point on thC 
luminous disc to the plumb-line, and holding it thcie dining an obseivation loi as the scions 
of the miciometci alone moasuie the distance of a stai fiom the /ciiith point, oi in olhci woids 
ftom the plumb line, it is neccssaiy that it should keep its station nnaltoicd, as it icgaids the 
disc, in both of the icveisod positions. If the light hand scicw is made to nicasuto the dis¬ 
tance in the fiist position of the telescope’s axis, then the left hand one, takuig the light hand 
situation, ineasuies the same a second tunc, and the sum of the two loadings will give the ap¬ 
pal ent zenith distance , foi one half of thou diflbience, which will be tin' toloscope’s on or of 
collunation in zenith distance, will mcigc, as in a scctoi, ni the collimated mean lesnlt 'flic 
field of view is stated to extend to so that the oculai lenses must be huge m diainotei anti 
the magnifying powci small, to give such a field this limits the gicatcsl meusme to one dogicc. 
The light, that lendeis the lines in the nuciometoi visible, entcis tluongh Uu> axis, as in u 
tiansit-instiument, and the axis itself is made peifcctly lioii/ontal by mo.ins ol the iiding level, 
shown in hg. 4i, having Ys below, one of winch is seen in fig. r>. Ihc value of the iniciomotei’s 
sciews may be found by any of the usual methods, as the lolcscojic will tiun upon its axis to 
any elevation, when the plumb-line is displaced, and means aie piovided m the liamolbi giving 
azimuthal motion, by a pinion acting on the cuculai plate. As the accuiacy of an obseivation 
depends on the iclative positions of the telescope and plumb-line, the two eyc-jncccs aio so 
placed just above one anothci in tins iiibtinmcut, that the stai and plumb-lmo can be viewed in 
immediate succcbsion, as in Tioughlon’s scctoi, which is the gicat lulvantago of the constuiction. 

3 Besides the two piocoding constiuctions of a zenith miciometci, and the instiumcnt 
made foi ns by Fayiei (§ LXXL), which in many icspccts icbcmhlcs Tioiigliton’s /omth scctoi, 
we have had two common telescopes of diftbienl dimensions mounted on ouhiiaiy stands, in 
such a way as to admit of adjustments foi then veitical position, with each a double micioineloi 
attached, one adjusted by a level, and the othci by a plumb-line and level, by methods that gi catly 
extend the utility of these telescopes, without inteifeung with then poitability and usual a]>])li- 
cations As cheapness is a quality, that often iccommends an instiumcnt, competent to its pur¬ 
pose, to amateiu astionomeis, we will include an account of those zenith telescopes in oui pic- 
sent section Fig 2 of Plate XIII shows the laxger of those telescopes in its zenith position 
In geneial a claw-feet pillai of this appeaiance consists of a hollow tube, made fast at the lower 
end to the junction of the thiee logs, and having a compound joint at the lop, to give motion 
m azimuth and altitude, m which joint the hearing is veiy shoil, and aftci some time the mo- 
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tions become loo lice and ultimately voiy unsteady, the only use of the joint being, to allow ot 
motion taking place, without legulatmg oi sustaiiuug the position of the telescope when moved 
In this stand oi tiipod pillai, n stiong tapeiing tubeof hiass neaily eighteen inches long, is fiist 
made fast to the ccntuil solid pait, whcie the legs aic muted , its flanch and both ends being 
nicely luined m the lathe lound this fixed axis an external tube, of the same shape, is 
nicely fitted at the top and bottom, and ievolves in a peipendiculni position ■without the least 
pcicoptiblc shake, as the fixed tube descends about thice inches downwaids below the flanch, 
w'hcic it IS fixed by a sliong nut, the oiiLci tube is only fifteen inches long at its supoiioi end 
it caiiics a solid fiamo, sciewod fast to a ciiculai flanch, which of couise lovolvcs with it, the 
uppci end of this fiame bends outwaids fioin the centic by a legulai cuive given to both of its 
sides, and an hoii/ontal axis foui inches and a hall long, made fast to a sUenglhoiicd pint of 
the mam lube, {lassos thiough pivot-holes at the loundcd summit of both sides of the fiame, 
whole the axis is kept to its place by collets, and scicws passing into its ends. The two sides of 
the flame aio sciewed to its solid bottom, and one of them was adjusted by a fine file till this 
hoii/outal axis lies at light angles to the voilical axis. To the lowoi end of the fixed lube a 
cucnliu giaduatcd plate, of seven inches diametoi, is made fast, close upon its flanch, and a vci- 
niei hai attached to the ievolving tube, just ovci the giaduatcd jilatc, indicates minutes of a7i- 
innthnl motion, lly tins mode of mounting Lbc telescope, its motions in altitude and a/iiniith 
aie veiy steady, and as each is legiilated by a sciew of slow motion when clamped to the ap- 
pioxuuato position, a slai can he hi ought to tlic middle hue iii the cyc-picce with the gieatest 
exactness. The focal length of the object-glass is npwaids of ihiec feet and a half, and its di- 
ametei two niches and lliieo quaitois, so that the magnifying powei and light will command a 
stai of small magnitude A shoil jneio o( stiong tube is so attached to a cock, made fast to 
the veitical levolvmg tube, that it will tniu on a stiong pivot and adapt ilselt to .iny position 
foi leceiving a juopjniig tube, that descends in an moliiH'd jiosition, fioin a cock fixed to the 
mam lube of the telosco|>e, neai tlie eye-end, bofoio it ontcis the holding piece of tube above 
dosciibcd This piopjnng tube, howovci, is not in one piece, but consists of a single system ol 
tluoc tubes, slidnig within one anothei,audca})able of being clamped fast to one aiiothci in any 
given ic’lativo jiositions, the imiei lubes being set fast by the next oiitoi ones, so that the tele¬ 
scope can take any elevation liom a hoii/onlal to a veitical position, and bo fixed theic by the 
clamps of the lliico lubes as finnly as by a single one a thnmh sciow, eulciing the solid end ol 
the innoimost tube, and held by the cock at the cye-ciul, will tiiin loiiiid and add to oi take 
horn the total length of the tubes, thcioby giving a small elevation oi depicssion lo the ap- 
pioximate position of the telescope A qnaduuU of six inches uiduis, loading minutes with a 
single vciniei, is acicwcd last lo the side of the telescope’s tube, and when udjuslcd, indicates 
the altitude, by moans ol a dchcdlc level affixed to the veiniei hai. When the zeio ot llicver- 
niei IS clamjiedial 90" of the quadiant, and the telescope jdaced by ostnnatiou in its veitical po¬ 
sition, and clamped by the piopping tubes, now leliung into one anothei, and assuming an ho- 
iizonlal position, as seen in tbc figuie, the veitical axis may easily bo adjusted to its zenith 
position 

i< The first step in the adjustment is to make the axis tiuly veitical in all diiecUons by 
the feet sciows, accoidmg to tbc method bcfoie lecommcndcd, in all cases wheie a tiipod is 
used (§ LXVIll. 7.) this is done pailly by the feet sciews, and paitly by the bubble of 
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level, winch will keep its place in its lube while the axis revolves, when the laltei is tiiily 
vciLical, and this pait of the opeiation may be peifoiinecl in any position of the telescope, as 
the vciniei that cauies the bubble is moveable along the me of the quadiant Aftci the axis 
has been made veitical, and the vcinici put to 90 ", the telescope may easily be biought to its 
/enith position by the thumb setew, acting on the piopping tubes, while in thou hoiizontal 
position , foi, assuming that the quadiant has no index eiior, bunging the bubble to its zero 
will put the tube of the telescope into its veiUcal position, wheie it will lemain dining a le- 
voluUoii of the veihcal axis As the ociilai end of the telescope lies over 1 he face of the 
azimuth ciicle, a diagonal adaptei is applied to leccive the double inicioinotci, and the ob- 
scivei looks in a hoiizontal diiection, as in DolloiuVs instiiimcnt> while he views a zenith slai 
One of the two sciews incasincs the zenith distance in the fiist position, and the othci in the 
second , and as m othei instances of collimated obseivations, the mean of the two is the tiue 
ineasme, without icfcicnce to the coUimation oi index eiiois* When a stop is applied to the 
sziinuthal ciicle at 180" fioin the fiist position, a stai can easily be obseivcd m both positions 
while it IS passing the field of view, the bubble of the level being immediately befoio the eye, 
and lequiiing no tune to wait foi its settling, when the axis has been piopeily adjusted By 
means of this instiument the zenith distance of a stai, passing neai the zcmtli, and conse¬ 
quently the latitude of any station may be known to the accuiacy of a second, allowing foi 
<he Cl 101 of vision, piovidcd that the polai distance of the stai be known Tins is one of the 
five telescopes foi which we computed tables to give the values of an attaclied miciomctei in 
pages 103 and 104 of tins volume, being that whicli is designated by No. % A lamp sus¬ 
pended fioin the fiainc gives light to tlie miciomelci’s lines, thioiigh a cuciilai hole made in 
fhc side of the tube, opposite Ihe internal leflecloi. 

5. Eig 3. of the same plate exhibits anolhei position of the same instiument, in winch it 
becomes an excellent cqual-altitude instinment, by the help of the level and quadiant, winch 
not only assist in placing the axis tiiily veitical, but watch the position given to the telescope, 
as the instiument moves in aziiniilli. Wo need not iepeat the account we have given of a 
siinilai piopetly, (in § LXXI) possessed by oiu poitable ciiculai instiument made by Fayrci , 
the poweis of the two instinments being similai, both as zenith and equal-altitude instiinnonts, 
but the piescnt instiument having the lecommcndation of compaiativo cheapness, on account 
of the absence of the veitical ciicle and plumb line appaiatus. 

6 A smallci zenith telescope, of a still cheapci const! uclion, is I'cpi esenled by fig. 1 of 
Plate XII, in winch the telescope is oui No. 1, having an object-glass only St IS inches m di- 
ametei, and thiily inches and a half focal length. The pillar and feet wcie oiiginally made by 
a clock-makei foi some expeiiinontal puipose, and weie puichased at the piiccof old metal for 
the express puipose of founing a zonith-stand for this telescope This stand had loimeily 
seveial wheels and pinions, intended to show minutes and seconds of aic, by a kind of clock¬ 
work, but had been rejected on liial. Pcet-sciews have been applied to it, with a small tuan- 
gulai stool foi slow motion placed under one of them, as well as othoi appendages added, 
which will appear fioin oui dcsciiption. The stem a of the stand is a peifoiated solid pillar, 
nine inches long, tlnough the middle of which a cyhndiical steel axis descends, that canies 
lound with It a cuculai thick plate, l>, lacked at the edge all round, and having a cucle of en¬ 
tile degrees engiaved on its face. A plate of similar dimensions is earned by the upper end 
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oi Ibe fixed piUai fl, winch is neaily in contact with the olhei beneath it, and winch caiiies a 
hoii/ontal endless scicw pichscd against, and acting with the adjoining ciiculai laclc, fiom the 
teeth of which it may be tinned back at pleasuie lound a joint' on the axis of this sciew is a 
hand pointing to a small fixed ciicle divided into sixty, showing minutes of a dcgieo. Tins 
side-woik acts as a clamp and tangent scicw when in action, but allows quick motion when 
detached A pan of tiiangiilai biass open fiamcb, made fast to the plane of the lacked ciicle, 
at equal distances fioin the ccntie, ascend paiallcl to one anothoi about seven inches high, and 
suppoit the hoii/ontal axis of the telescope, winch is only Ihiee inches long, but vciy stiong 
At each end of this axis a wheel of six inches cliainelei is fixed by collets and scicws, close to 
the outci faces of the fiamcs, one of winch wheels is lacked all lOund the edge, and gives 
slow motion m elevation by anothci endless scicw, lying undci it with a milled head, and 
capable of being dischaiged foi quick motion the face of the olhci wheel is divided, and has 
two opjiosite vcuncis leading minutes, seen at c, and eanymg a shoit level, only thiec inches 
and a half in length. The level keeps its position in all elevations of the telescope, and is ad¬ 
justed by a thumb scicw, </, eiiteiaig an upiight levci, attaihcd to the diametiical bai of the 
opposite vcnnoi3, on which also IS suspended the level as the divided ciicle is fast to the 
tclcscojie’s axis, it tuins in elevation, and bungs the divisions to the fixed veinicis Tins axis 
has no adjustment foi hoii/ontahty, othciwisc than by filing the uiulei side of one of the snp- 
poitiiig flames to make it light, which was done by the inakoi, as was the case with the pre¬ 
ceding instiumont, and it maybe piopei to mention licic, that in both inaluunciits a vciy 
small inclination of this axis towaids the cast in the fiist position, will make a similai inclination 
in the second position towauls the west, the cfibcl o( which will bo, to piolong the lane of a 
slai’s continuance in the field, without sensibly afroeUug the mcasnic of /cniLh distance, since 
the passage is veiy iicaily in a lioii/ontal line, and stub a slight inclination will bo lathci de- 
suablc than otheiwise when a pliimh-lnie is used, ihal leqiiiies some Liino to come to lesl. 
The head only of the lomote ciicle's tangent scicw, lhatucts wilh its lacked edge, is seen, 
and only a poition of tins second cndo , the concealed poition of the cucumfoicncc being 
paiallel to the double dolled lino made on the lube, neai its scicw of iHljustincnt foi dislincl 
vision. As this instiumenl would not allow of a long level without concealing the veiiiiois, a 
plumb line is suspended (lom an adjustable point of suspension at e, which is clamped to the 
uppei end of the m.nii tube, and a watci vessel is attached to the lowoi end of the same by 
means of a suspending lod loaching down below the junction of the foci aty, winch it cscajies 
in moving lound Iho bod of the telescope is siippoited by a stiong bai, the lowei end of 
which suiioiinds the middle of the axii, and its sides aic scicwed fast to the wheels ovci which 
It lies, so that all these paits aic liimly united, and liiin on the same axis with the telescope 
This bed has two ciiciilai hole.s at scvoial inches distance fiom each othei, and any adjacent 
pan of the tapped Inass cylindeis, made fast to the tube, may bo fixed in those liolea, that the 
position of the telescope may icquue. When the telescope is pointed to the ycnith, as in oui 
figiue, the two cyhndeis next the eye end mo inseitod into the bed, and held fast by a pan of 
milled nuts, one of winch is seen above the wheels, so that moic than one half of the mam 
tube IS above the axis, in oidoi to allow the smallei tube, at the oye-end, to escape contact 
with the lacked edge of the divided plate, and also that one scicw of the double miciomctoi 
may he undei the said plate. Above the uppei end of the bed is a ciiculai apcitnic in the tube 
VOL. II. 4 B 
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foi tlxc admission of the light of a lamp, which may be closed by taming a bioad nng lound, 
that embiaces the tube. The eye-piece has two lenses with a thin plate of polished speculum 
metal iiiteiposed, at an angle of 4-5°, which togethei constitute a diagonal eye-piece. This 
eye-piece is foiraed of two tubes into a cioss, the veitical one being cylindiical, and the hoii- 
zoiital one conical, having the bioad end ncaily in contact with the plumb-line . the lens next 
the eye has a longei focal distance than the one within the small tube of the telescope, and 
singly views the plumb-hne thiough a small oval hole, made thiough the ccntic of the specu¬ 
lum, while at the same time the stai is viewed in the common focal point of both lenses, to- 
gcthei with the lines of the miciometei, which, when laid ovei one anotliei at vcio of the 
imciometei’s scale, may be made to coincide with the plumb-line, by bliding the miciometer 
foiwaids 01 backwaids, till this coincidence takes place in oidei that the plumb-litic may be 
well seen, a hoiizontal slit is made acioss the end cover of the conical pait of the eye-piece, 
which in oui figuic is seen bisected by the plumb-line at g, and undei it is a small lound pei- 
foiation also bisected by the same line, ovei which the plumb-line is laid by turning the eye¬ 
piece when the axis of azimuthal motion is made coiiectly veitical in all diiections, which 
adjustment is poifoimed paitly by the level, and paitly by the fcet-sciews, as in othei instru¬ 
ments. This mode of viewing a plumb-line, at the same tunc with the slai and miciometcrs 
lines, IS an oiiginal contuvance, that answeis veiy satisfactoiily, except duiing the shoit time 
that the stai disappeais in passing the ccntie of the field, wheie no lefloction takes place } but 
when the instiuinent is leversed in position on the same evening, the time of tins disappeaiance 
will aiiivc duiiiig the act of leveising, and the stai will be seen again in the icinaindei of the 
field. This telescope, as well as the preceding one, is packed into a veiy poi table case, and 
when mounted at the telescope’s centie of giavity, by a pan of the uppei cyhndiical pins of 
the tube inserted into the bed, it becomes also an equal-altitude instiiiment, by substituting 
the level foi the plumb-line. Indeed lough obseivations to the accuiacy of a minute in ate 
may be made, with cither instiument, both in altitude and azimuth, which on many occasions 
in tiavelhug may piove vciy useful. These mstiuments have all the piopcitics of a common 
telescope, and may have any of the miciometeis applied at pleasuie. If it sliould be objected, 
that the plumb-hne suspended fiom one side of tlie object-end of this telescope Will have an 
influence on Us veitical position, it must be lemembered that this side will be to the cast and 
west alternately, and that the only effect will bo, as we have said, to piolong the continuance of 
the star m the field of view, which is a pioperty rathei to be dcsiicd than avoided. The axis 
is fiist made veitical by the level only, and then the tube of the telescope is made paiallel 
to It by the plumb-hne, so that in this instiument these appendages have each a scpaiate use. 


§ LXXXIIL A^STRONOMICAL QUADRANT [Platk XXIX.] 

1. Though Giahatn, Bird, and Ramsden successively constructed astronomical quadrants for 
Greenwich, Blenheim, Oxfoul, and several continental obseivatoiies, with some of whicii the 
declinations of the stais weie legulaily obseivecl for upwards of fifty yeais in succession, by 
Doctors Bradley, Maskelyne, and others, yet the iccent intioduction of ciicles has so com 
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pletely supeiseded them, that it m not piobabte that a laige fixed quadiant will evei be again 
constiucted, not the picsent ones used, wheie the means exist of substituting a cncle* we 
may tlieiefoie be faiily excused fiom contiibuting to peipetuate the use of an lustuiment, that 
the piesent state of piactical astionomy has condemned, Except in those instances whcie the 
quadiant turns half lound on a vcitical axis, and has a small aic of excess, the zenith point 
can only be detci mined by the aid of a zenith sector, oi zenith iniciomctci, and thus the con¬ 
struction IS not mdependeiit of adventitious aid, Wc will not, consequently, take any 
fucthei notice of a fixed oi muial quadiant, than lefei oiu loadcis, .who may be dissatisfied 
with our silence, to the paiticulai account of qiiadianls that is given in the Cyclopasdia befoie 
lefeired to, as matter on lecoid. The poitablc quadiant, howevei, made by Tioughtoii, and 
sent to Bilboa in Spam, about the time that ciicles began to bo in use, is exempt fiom the de¬ 
fects of foiraer quadiants, and seems to descive a place in oui collection of modern instiu- 
menls, 

2 Figuie G of Plate XXIX. exhibits a pcispeclivc view of Tioughton’s astioiiomical 
quadiant, such as will enable us to desetibe it without Ictteis of lefoicnco, in a way that will 
now be intelligible by such leadeis, as have penisod om accounts of the diflbieut ciicles. 
The body of this quadrant is made of duplicate coiicsponding pails united by cioss pillais, to 
make lightness and strength consist with each othci, which adaptation seems to be a favouute 
plan, m the consliuclioii of all Tioughton’s instiuments. The ladiiis of the quadiaiital au's 
IS just thiee feet, affouhng divisions similai to those of the Gieonwich muial circles. The 
njannci m which the biacmg bais cioss one anothei at light angles, in each of’ the duplicate 
portions, is suflicicntly appaient without dcsciiption, and also the small pillnis that unite the 
two paiallel aics and faces of the quadianlal fiaracs. A slioiig cyliiidacal tube, forming a 
column, 18 included between the two inteiior faces of the double qiiadiitiiLal fiamc, and is 
made fast to it in a veilical line that passes tliiough the ccnlic of giuvity, when the telescopes 
aie mounted. The pedestal is foimed into a tupod of sUong mahogany baia, each foot of 
which IS furnished with a fine sciew, and a Hooke’s joint on a long handle ; Iho tnpod, besides 
being braced by ciqsses at the thico sides, has three sliong edgc-bais proceeding fiom the 
feel, and uniting at the cenlie, so as to hold a piece of biass having a conical hole to icceivc 
the lowei end of the veilical axis, which passes down thiongh a socket made fast to the ciicu- 
lai top of the tupod, that may be considered as a small table 5 so that the gieat distance be¬ 
tween the pivot and socket, at which places the axis is in contact, assiues a steady and easy 
motion in azimuth to the 1 evolving quadiant, without doianging the veitlcahty. An hon- 
zontal 01 azimuthal cncle is attached to the vertical axis, above but neaily m contslct with the 
table, and has a contiivancc foi allowing an adjustment of about two dcgiees, foi the puipose 
of placing the zeio of the cncle light, when the plane of the quadrant is tiiily plkced in the 
meiidian This adjustment is effected by means of the tangcnt-sci cw, seen in front of the 
stand. The othei taiigent-sciew, seen at one side, clamps the solid vorm 6 r plate, having op 
posite readings, to the cncular plate containing the azimuthal divisions j to the latter of which 
it will iinpait slow motion, when clamped and gradually turned j and consequently will move 
the whole quadrant with its appendages in an azimuthal diiection. This houzontal circle is 
graduated into spaces of 10 ', and will lead by each of the opposite veimeis, a quantity as 
small as 10 ". 


4) V Q 



550 


A&TRONOJIICAL QUADRANT 


6 The veiniei plate, which is ciiciilai, has con&ideiable depth, and terminates below 
with a chamfeied edge, containing within it a concealed tnangiilai fiarae soldeied to it below, 
and opposed, foi the sake of stiength, by a similar fiame visible above it Thiee small pillais 
ascend fiom the concealed tiiangulai fiame, and suppoit the uppei fiame at the thieo coineis, 
thiough which the tapped ends of the pillais pass, and aie fixed by as many milled nuts, that 
appeal in the figure, above the table These milled nuts aic useful in adjusting the plane of 
the qiiadiant paiallel to the veitical axis of its azimuthal motion , and it is by then means 
that tho quadiant is dismounted fiom the stand, foi package A shoit but stiong conical tube 
soldeied fast to the uppei tnangular fiame, suppoits the long ascending column, that teimi» 
nates with a supplemental cone A couple of biaces ascend, fiom ncaily the lowei end of 
this column, as high as twenty inches, and leacli above the central part of the quadiiintal 
fiame : by being fiimly attached to the column, these complete the steadiness of the stiuctmo 
in an admirable manner. The observing telescope has a focal length of foity-two inches, and, 
being achioinatic, is competent to bear poweiful eye*piccea, the tube tapeis from the object- 
glass to pievent flexuie, and has a system of adjustable spidei’s-lmes at tho ociilai end . its 
hoiizontal axis of motion is foui inches and a half long, and passes thiough the thick pillai, 
that unites the two quadiantal poitions of the double fiame, at the centio of motion, which is 
also the centie of the divided aic. Beyond tins centie a countcipoise is fixed to tho objocl-ond 
of the tube, winch sustains the telescope m any elevation j and to the oculai end a vermqr is 
attached, that divides the 5 ' spaces of the quadiantal aic into readings of 5", which again aic 
subdivided by a leading miciometrical micioscope into single seconds. 

4. A iiicely-giound spnit-level hangs constantly on an hoiizontal bai of the quadrant, 
having the usual adjustments, by which a single second of inclination can bo detected , be¬ 
sides which a plumb-line is suspended fiom the top of the included column, foiming an exten¬ 
sion of the veitical axis of motion down whicli it descends, piotcctcd from dust and agitation 
by the wind, which situation being in the centie of azimuthal motion, the plummet immeised 
in awatei vessel, within the shoit hollow cone above desciibed, is not liable to expeiienco 
vibiations fiom a motion in azimuth. Two micioscopcs, of tho ghost kind, view the plumb- 
line at right angles to each othei, acioss the lowci end of the veitical column, tho four ends 
of which aie visible m the figuic, just above the table. This application of the plumb-line not 
only selves to put the veitical axis truly peipcndicular ui all dnections, but watches the per¬ 
manence of this adjustment, and thus checks the indication of the level in variations ol 
tonipeiatuie • and when one of the two aibiteis is displaced oi injured, the othei will bo 
sufficient foi peifoiming the woik of the adjustment, and of keeping watch over the position 
of the axis 

5 . Besides the pieceding appendages theio is an auxiliaiy telescope lying loosely at the 
back of the flame, in a hoiizontal position, in a pair of Ys in winch it will turn lound, and also 
leveise end foi end, in a mannei similai to that in which tho elder Sisson mounted his spirit- 
levels and attached telescopes, foi viewing two objects, one befoic and the othei behind the 
station. This Second telescope supplies the means of adjusting the horizontal line ni the eye- 
end of a quadrant moving in azimuth, and, by eompauson with the usual adjustment of the 
zenith point, by a zenith stai, affords the oppoitumty of determining the total length of tlie 
qnadrantal aic, which is an essential deteimmation, where opposite readings cannot ob- 
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tamed, nor yet a icvcrsion into the eastern and western positions. The giacluated aic has 
consequently seveud divisions m excess at each end, to assist the adjustment of the index 
enoi, and mcasuiemont ol the total aic. The ladial bars that beai the puncipal weight aie 
made tapeung fioin the centie towaids the aic, theieby giving stiength to the pait most liable 
to altei its figuie by weight; as it is supposed that Biid^s quadiant did m a sensible degiee, 
fiom want of this piecauiion. The foui inches and a half of beating, that the tclescopc^s axis 
has thiough the stiong pillai, make the plane in which it moves m elevation a true veitical, 
which IS not iigidly the case when the duection is guided solely by the face of the giaduated 
limb, accoiding to the oldei constiactions A clamp and tangent screw, applied at the eye- 
end of the telescope, legulate the motion m altitude as in oiliei modem insUmnents, 

6 . Acljuslments. Many of the adjustments of this instiument aic peifoimed in the same 
way, that has been explained m Sections LXVII and LXVIII, whole cades aie dosciibed 
that have, the foimci a plumb-line, and the laltci both a plumb-line and spiiit-levcl, applied in 
a sumlai mannei to adjust the veitical axis, which theicfoie we need not lepcat. The adjust¬ 
ments foi distinct vision, and foi the true position of the wue-plate for clue collimaiion, by a 
zenith siai, aic likewise the same; as is also the method of bunging the plane of the veitical 
aic into the meudun* Bui as we have alluded to a method ol detciminmg the hoiizontal 
point on the aic by moans of a second telescope, and of compauug it with the zenith point on 
the same me, as detcimincd by a piopei stai, and ol thence examining the total arc^ it may be 
piopcr to explain this double pioccss moic minutely, foi the batistaction of obseivcis into 
whoso hands such quaduml may fall As the two opeiationa are pciformed, one by means ot 
a teiiCBliidl object vcquumg day light, and the othei by the passage of a zenith stai, which, 
generally speaking, will bo best obscivcd in the night, we will begin with the formet, and con¬ 
clude witli the latiei, though such oulci is not neccssaiy When the back telescope, which 
may be called the adjusting telescope, has been duected to a fine maik chosen in oi neai the 
hoiizon, and brought to bisect it, after the vertical axis has been iuily adjusted by the level 
and plumb-line, its cylindrical tube must bo turned half loiind in the Ys, when it will appeal 
whether the hoiuontal wuc, oi spidei's-Une, lies m the optical axis oi out of it; if the maik 
18 not bisected in both positions, a new maik mmst be chosen at the distance of one half of the 
deviation above or below, as the case loqiuies, and the othci half must be adjusted by the pio¬ 
pei scicws acting on the wuc plate ; when the maik will appear veiy ncaily m the same place 
within the field in both positions; and a repeUtiou of the adjustment with a second oi thiid 
new tnaik, will pioduce this effect; and then this telescope will be adjusted foi collunation in 
altitude. In the next place, fix zero on the verniei, attached to the ob'^eiving telescope, to 
zeio of the quadrant, and dncct this telescope to the last maik made use of, and it it also 
bisect the same mmk, while the level and plumb-hne indicate the iiue adjustment of the vei¬ 
tical axis, this shows that both telescopes aic in the same state, with respect to collunation , 
but it does not yet appeal, that the line connecting the Ys lies parallel to the horizontal line, 
passing thiough zeio of the quadiantal arc ; turn now the quadiant half loiincl m azimuth, and 
level so the position of the adjusting telescope, end foi cud, that it may again view the same 
maik, and if the bisection is exact in tins position also, the Ys aic m their paiallel situation, 
but if not, one half of the appaicnt eiror must be jectihed by the screw of one of the Ys, and 
the othei half, by the use of a new maik, till the adjusting telescope will bisect the last chosen 
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niaik in all the positions. and when this is the case, the observing telescope, being placed still 
at zeio, must be made also to bisect the same inaik by its ocular sciews, when both telescopes 
will have then colhmations tiuly adjusted This is the fiist opeiation. The secoiitl opeiation 
lequiics but little explanation, as it consists in obseiving a zenith stai with lace cast on one 
evening, and face west on the following, oi as soon aftei as may be piacticablc j foi tlie stai 
will pass the point 90" on the aic in both positions, if the axis is still tiuly peipendicular, and 
the quadiant exact, but if half the sum of the two leadings shall exceed oi bo loss than 90", 
one half of the excess oi defect will be the eiioi of the total quadiantal aic, one-ninelieth part 
of which will belong to each successive degiec, with its piopei sign, accoidingly as the mensme 
commences fiom the honzon oi zenith. If altei a ngid tiial the aic is found to be liiily qua. 
diantal, the adjustment toi collimation in altitude may in futiiie be made by cithci of the two 
methods, that may be most convenient at the time. In thus dcteimilling the total aic of the 
quadiant, it is taken foi gianted that the makei of the mstiument look uuc to place the plane 
of its aic paiallel to the axis of its motion, as well as tlie line of collimation puiallel to the said 
plane; which he has the mechanical means of doing, but which an obscivei ought not to at¬ 
tempt. 

7. Trom the account we have now given of Troughton’s poitable quadiant it is obvious, 
that it IS competent to cleteimine altitudes with exticme accuiacy in skilful hiindb, and that it is 
peculiaily fitted foi giving either equal altitudes, oi zenith distances of any extent; but has not 
the advantage of being confidently used in taking tiansits, though it may be otheiwisc used as 
an altitude and azimuth insti’iiment out of the meiidian. 


f LXXXIV POLAR INSTRUMENT BY RAMSDEN [PiA-in XII.^ 

1 . When the late Mi Aubeit established a piivate obseivaloiy at Ilighbuiy, Ramsden made 
foi him vaiious astionomical instuimonts, and among the lest an mstiument foi obsciving the 
pole stai only, which was fixed by lead so fast to a solid stone, that, aftci Ins death, it was dif 
ficult to disengage itwithout injuiy. Indeed the tube of the telescope was so decayed, by con¬ 
stant exposuie to the an, that it ciumblcd to pieces by the slightest piossuio between the 
fingeis The moie solid parts, howevei, weie found peifect, and aflei leplacing the tube o( 
the telescope, when it came into oui hands, we mounted it on two stiong stones, foiming part 
of a new wall that faces the west, and that allows of the piopei position for viewing the pole 
stai. Tigure 2 of Plate XII. lepiesents the polai instrument, as attached to a wall facing the 
east, the diaftsman having omitted to leveise the position foi the cngiavci j but it will make no 
diffeience with the desciiption. The two stones piojectuig fiom the wall aie seen at a and b ; 
c is a cast-lion cock made fast to the lowei stone, by a pan of non bolls, passing thiough a paii 
of cast-iron plates inclosing the stone between them, and sciewing into the back plate. The 
cylindrical bearei d is sciewed upon this cock, and teiininates above with a solid cube of cast- 
iron, cut away at one side into an inclined plane pointing to the pole. A squaie bed of solid 
brass, e, lies upon and is sciewed fast to the inclined plane, a section of which is aeon in fig. S, 
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denoted by the same lettei, within this bed lies the squaie base of a cocli,j^ which is adjusted 
and {ix;ed by seveial sciews that wdl be heieaftei described. The aiboi of a cuculai plate 
passes thiough a lound hole in this cock, neai g, and is kept in its place by a sciew and collet, 
which appeal. The chamfeied edge of this ciiciilai plate is divided, and figuied into twenty-'' 
foiii houis and paits, that lead with a veinici to a quartei of a suleieal minute of tune. The 
uppei plane of this hour ciicle is seen in fig. 3 , having a small thice-sided fiame sciewed to it, 
the paiallel sides of which foira a dove-tail, in which the adjustable piece t slides, caiiying a 
thick piece neai i, containing a pivot hole, that is dinwn by the screw seen enteiing it. Into 
this hole a pivot of the cylindei & enters, as appeals in fig. 2, the telescope Z is made fast at 
both ends to the cylmdei A, in a position that is made paiallel by the maker Thiough the 
uppei stone d the stem of anotliei cast non bearer descends, and is sciewed fast by a nut below, 
the stone being inclosed between two cuculax collets, the upper pait of tins boaiei is similai to 
that of the lieaier d, having an inclined plane also pointing to the pole; upon the face of tins 
inclined plane is made fast a brass plate, n, having two small healing cocks above n sciewed to 
itj upon the ujipei end of this inclined plate icsts a stiong cock, containing within it an mn- 
vei sal joint, with two axes at right angles to each othei, into the cential hole of which cock the 
upper end of the cyhndei /c enteis, and is made fast above'by a collet and sciews In conse¬ 
quence of this arrangement of the paits, it is not difficult to comprehend, that wbatevoi motion 
in altitude, oi azimuth, may be given to the lowei end of the cylinder /c, by any mechanical 
means, the utnveisal joint at the upper end will allow it fiecdom m eithei diiection. When 
the pivot of the cyhndei /( is inscited into its pivot hole which is adjusted to an excentric 
position as it legaicls the hoiaiy cnclo A, whenever this ciiclc is tuined round on its axis, the 
pivot-hole t carues with it the pivot of the cylmdei /c, and also the attached paiallel telescope , 
and its object end, being beyond the universal joint, neai the middle of the tube, has a con- 
tiaiy duoction to that of the eye-end j so that when the exccntiie pivot, earned lound by the 
houi cncle, cames the oye-picce lound a small cncle in one dnection, the object-glass is also 
earned in a cncle but in the contiary direction. Now the excentucity of the pivot is so adjust¬ 
ed, that when the telescope is directed to the polo-stai, turning round the hoiaiy cncle with 
the slow motion of a levolution m twenty-foui sideieal horns, will make the star leinain in the 
centre of the field, dining the whole of its appaient levolution, and, when the adjustments aie 
piopoily made, the veinior of the houi circle will indicate the time that is measuicd by a si- 
deieal clock keeping tiue time , thorefoie tuining the houi circle, till the sideieal time at any 
moment is indicated, will bung the pole-stai into the middle of the field, whencvei it is required 
to be seen. 

2 , The two puncipal conditions m adjusting the instiurnent are, fiist, that the telescope 
and its parallel cylmdei /(should be elevated in an angle equal to the latitude of the place, when 
viewing the star at six houis aftei the meiidian passage, and secondly, that the distance of the 
excentric pivot hole, from the centie of the hoi ary cncle, should bear the same proportion to 
the whole length of the cylmdei /c, that the sine of the star's polar distance does to ladius. 
Theie aie several pairs of doable sciews, for bunging the telescope into the meudian, and foi 
regulating its elevation, When we speak of a double sciew, wo wish it to be undei stood, that 
in each instance a longei sciew, having a fine thiead, passes through the aiboi of the shorter 
and coarser sciew, and when two contiguous plates are to be separated a little, and kept con- 
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btantly at that distance, the innei sci ew acts with the lowei plate only, by screwing into it, and 
the outer sciew acts only with tlie uppei plate, but presses upon the lowci plate with its end, and, 
by lightening the lowei sciew by its pi essuie, fixes both plates at the icgulated distance} so 
that unsciewing the outei screw, and sciewing the innci, will bung the plates into contact, but 
uiisciewing the innei one, and sciewing the outer one, will separate them, and yet fix them, 
when the numbei of sciews, which thus act in pans, are sufficient foi the purpose. In this way 
the cocks that beai the lioiary circle and univeisal joint aie biought nearei to, or leinoved fai. 
thei fiom the biass plates attached to the inclined planes, accoidingly as the latitude of the 
place may req[uiie. Theie aie besides single piessing sciews acting at the light and left of the 
imxveisal joint, foi putting the instiuinent in the mciidiaii, as well as othcis below the lowei 
cock, foi keeping it up to its place, and holding the horaiy circle close to the pivot of the cy- 
linder h, when it is adjusted to a light angle with it. These different adjustments can only be 
pei'foimed by means of the stai itself. Tlieic is also a small sciew at o, undet the cye-piecc 
of the telescope, and a coiiespondmg one at the opposite side, the use of which is, to place the 
telescope exactly paiallel to the cyhiidei I, not as it regaids then distance from each other, but 
tlieii crossing one anothei, foi it is neccssaiy that the axis of motion of the cyhndci should lie 
in all icspccts paiallel to the telescope’s optical axis. When the instiument came into oui pos¬ 
session, it had simply a common positive eye piece with a pair of cross haiis in the focal point, 
fiom which it should seem, that no measui es had been taken of the daily oi weekly vaiiations of 
this stai, which exceed those of any other star visible by day-Iight 5 but its telescope has an apci- 
tuie of 2.85 inches, and a focal length of forty-five inches, with a power of ninety-two, and is 
quite competent to command a view of Polaiis by day-hglit; we have theiefoie applied a 
spider’s line mlciomcter to it, magnifying II 7 times, which is an useful addition, since the va- 
iiations in north polar distance and in light ascension, arising out of precession, aboiration, and 
nutation, become measurable quantities, when the instiument is adjusted to the mean place. 
This instrument is we believe unique, and as it is of an expensive construction, may probably 
1 emam so. 


§ LXXXV ON FIXED TELESCOPES. [Pla-ii XH ] 

1. The question of the existence 01 non-existence of annual paiallax, deteimmablc in the 
places of certain stars, has pioduceda new mode of applying an achiomatic telescope to celestial 
observations. Theie seemed to exist a disciepancy of about a second between the lesults of 
the two best circles that have been in use, and a laudable desire on the pait of the astiono- 
meis of Greenwich and Dublin, to reconcile this unexplained diffeience, suggested not only 
different methods of obseiving, but more complex investigations of the constants of abeiiation 
and nutation, with a view of obtaining a quantity greater than the piobable erior of observaf 
tion, that could not be accounted for but on the supposition of a parallax. That certain 
stais, such as y Draconis, Polaiis, and some otheis have no appieciable parallax, seems admitted 
by both the parties opposed to each other in tins investigation. Wheie the quantity in dispute 
IS so small, the gieatest mcety is lequned in making the observations, as well as a proper 



ON FIXED TELESCOPE3* 


501 


choice of constants in the collections, at Greenwich the foimer has occupied the attention 
of the AsUonomei Royal, and at Dublin attention has been paid moie paiticularly to the 
latfei, as they can be collected by a scieutiflc examination of icgisteied obsciwations* The 
giCcitest difficulty seems to consist in leconcihng the compaiativo obseivatioiis of y Draconis 
with ^ Lyiee at the two places# Accouling to the obseivations of Mi. Pond/^ says the 
Bishop of Cloyne, << thcio is no diffeience between then dative places of these stais in summei 
and wintei 5 and it is fiom a lelative change of place I find in these two stais, that I adduce 
what appeals one of my stiongcst aiguments foz the paiallax of Lyra? In tins instance the 
two insUuments aio completely at vauance, and one of them must give an cnoiicous result” 
(PhU Trans* of London, 18^1 ) In another paii of his excellent papei the learned pi elate 
says, “some of the lesults that I have found, although m themselves in no mannei inconsistent 
with paialUix, will, justly peihaps with many, add to the difficulty of admitling the explanation 
of pauilliix. They will be unwilling to admit that many of the smaller slaia aic noaier to us 
than many of llio biighici That m a ceitain pait of the heavens of considerable extent, 
many of the situs exhibit a sensible paiallax. This howcvei must be admitted, (contmnes 
the Bishop) if my chscoidancos lesuli fiom parallax. If it be admitted, then sevcial of the 
difflculiies that have occiiued, by compaang my obseivations and those of Mu l^ond, will be 
done away#’’^ How fai the obseivations, made by the union of two ciicles, at Gieenwich, may 
uiUmately alFoct the question at issue remains to be seen, when nuiltipUcd obseivations affoid 
extended data. A fioquent dctcimination of the horizontal point, and of the index eiiois, 
will biing the Greenwich and Dublin obseivations into a state adinitting of moio satisfactory 
compau&oii, than when the obseivations at the foimci place, being diffoicntial, weie mixed up 
with the changes of lofraciion, that vaiiable tempeialiue pioduccd in long contmnod senes. 
In gaming the same latitude fiom a great numboi of observations at the foui quaitois of the 
yoai, separaloly considcicd at Dublin, it appeals that ieductions, made Aom Iheintcinal ihci- 
momctci alone, agice among themselves much bettei, than if they wcic made fiom the exicinal 
theimoinelei, winch 13 an impoitani fact m piactical asUonomy. 

That the appaiont small disci epancy between the Giconwich and Dublin chcles might 
be bi ought to the test of a co npauson with a diffcient instimneut, two telescopes, of ten feet 
focal length each, wore cicctecl at Gieenwicli, on the faces of the walls beaiing the quadrants 
and fiisL cucle, one for companng the declination oAct Cygni with ^ AuiigOJ, and the othei 
foL companng that of Aqiulm with I ( 55 ) Pegasu The mode of fixing the telescopes was 
nearly the same foi both, foi which leason wo have given a icpicsoniation of the Utter m 
ftgiucs 4 and 5 of Plate Xll, which will suffice for an explanation of both. The mmal damp 
a, in the shape of a cioss, is made fast to the face of the wall, which, by leason of its original 
destination, is built in ibo ducction of the mcudian . this holds the eye-end of the telescope a 
little above the giouiid, but so that an obsciver may place himself under it j the nppci end of 
the Iclcscopo icquiicd the clamp to be ciankcd at to suit the bed that ib made at the uppei 
end of the wall, the quantity of inclination having been pieviously computed to suit the mcu¬ 
dian altitude of the slai, and the clamps having a small adjustment by moans of elongated 
screw-holos, A double spidePslino micromotei is substituted for an cye-piecc, which 
mcasiucs tho ditunal deviations of the two stars, complied with each other 5 and piovided that 
no alteiation take place in the firm position of the wall, this method,of obsoiving thcvchanges, 
VOL. ir. ^ 
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it was expected, with a pioper choice of stais opposed to each othei in the best situations foi 
giving a double result, would have settled the question, The light is admitted at a cuculai 
hole made in the tube at c, and icflocted in the usual way down the telescope, without inteir 
feiing with the cone of laya coining horn the object-glass, which is covered by a hd, and un¬ 
covered by means of a pulley and stung acting neai the hinge, as seen in the enlaiged view 
in fig. 5, under these the lolleis of the clamping iing aic also seen enlaiged, that admit ot the 
telescope elongating giadually by an increase of terapeiatiue. The obseivations made with 
both of the fixed telescopes aie published at the end of the volume of the Gieeuwieh Obsei¬ 
vations foi the yeai 1816, and Mi. Pond’s papeis on the subject of paiallax are contained in 
the volumes of the Philosophical Tiansactions of the yeais 1817 and 1818, which aflToid data 
foi infeiung, that no appreciable quantity of annual paiallax exists, as dedticiblo fiom the ob- 
seivations made by the fixed telescopes. On the contiary Oi. Biinkley undei takes to explain, 
lu his last papei above lefeiied to, why no paiallax is obtained by the Greenwich telescopes. 
“ The fixed telescope, used by Mr. Pond,” says he, “ foi the compaiison of « Cygm and 
Aurigm, shows no relative changes of place tliat can be explained by attiibuting a paiallax to 
» Cygni. This stai foimeily appeared to have a loss paiallax than olhcis I had obscivcd. 
My new obseivations give a much sraallci quantity foi it, bull am mehned to thmic the 
tiixe quantity lies between my present and forinei results. Now admitting it to bo half a se¬ 
cond, no contiadiction to this can be diawn fiom the obseivations by the fixed telescope, when 
those obseivations are carefully examined with a reference to the visible effects of the change 
of tempeiatuie. The fixed telescope used foi a Aquilro made the corapauson by I (SS) Pegnsj. 
Now, the same maxima of paiallax in decimation of this slai and of « Aquilaj occiu within a 
few days of each othei, so that it is completely the dififeionco of paiallax that is asccitained by 
comparing this star and a Aqinlae; and my results show, that m this pait of the heavens wc 
cannot conclude any thing, as to thp absolute paiallax of one stai by its lelative paiallax to 
that of another,” 

3 . Hence the flcldis still open foi futme obseivations by fixed telescopes, when slais afifoid- 
ing the most favourable results are selected for a senes of obseivations, which is the reason 
why we have explained the inannei in which the telescopes may be advantageously fixed for 
the purpose. It may afibrd some assistance to the obseivoi, who is disposed to employ a good 
refracting telescope m a fixed position, to point out sopie ciicumslanccs that may direct his 
choice of suitable stais, foi lendeiing the diffeience between their holiocentiic and geocentric 
places determmable by obseivations It has been gciieially asscited, that the diameter of the 
eai til’s annual orbit may be considered as s.pomi if it could be seen fiom a stai, and the ques¬ 
tion 13, whether any sensible angle is there subtended oi not? Monsieiu Biot has instituted a 
computation fiom the known velocity of light, fiom winch it appcais, that, taking tlie greatest 
angle, subtended by the diainetei of the earth’s orbit, at 3" centesimal, winch is but a little 
more than 1" sexagesimal, light will occupy upwaids of three yeais m coming fiom a star to 
the earth. This lesult affords us some idea of the immense distance at which oven the nearest 
star must be placed fiom us, and lendci’s almost hopeless eveiy attempt to compute it, by means 
of any angle that is measuiable by pqr best mstiuments. The rules of tiigonometiy howevei 
will apply to data of the smallest dimensions, and thus give a stimulus to cuuosity. If we sup- 
pose a star pf the first magnitude plaqed in the pole of the echptic, the rays of hght coming 
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fi'om it to each point of the earth’s oibit, as the year advances, would constitute a cone of lays 
having the diainetei of the eaith’s path as a subtending lino, that would appear, if seen at the 
stai, of a constant magnitude, but place this stai in some other situation, as it has refeience to 
a line joining tho sun and eaith, and the said diametei would be seen moie obliq[uely, at some 
paits of the year, than at otheis, and would consequently subtend a vaiiable angle. As the 
longitude and latitude of a star have reference to the equinoctial point, and to the plane of the 
ecliptic, those ought to be both affected by the vaiiations of the eaitb’s distance fiom the stai, 
but diffeiently accoiding to the obliquity of the duection in which it is seen If we put P 
foi the pole of tho ecliptic, the sun being in the centie of the spheie, Z foi the point cut by 
a lino passing thiough botli the sun and eaith , and call the star S j then P Z will be an aic 
of 90®, and if we call the longitude of the stai I, the ate 2 P S will be equal to the longitude 
of the eaith seen fioin the sun, diminished by the longitude of the stai, if we put 0 for the 
longitude of the eai th, then wc have 

ZPS-e-l> 


and the paiallax will take place in the great circle ZS passing thiough the earth and star, 
Letyi denote the gioalcst paiallax, or greatest diffeience between the hehocentiic and geocen- 
tuc places of the stai, when Z(5;=90° and we obtain 


Paiallax in longitude = p . ^ 

cos X 

Ditto in latitude = — p . sin x cos (G—Z) 
where X denotes the latitude of the alar. 


( 1 ) 

( 2 ) 


The paiallax in latitude can nevci exceed p j and is on that account less pioper Ibi finding p 
fiom observation, than the paiallax lu longitude. Now let the star’s longitude be found when 
0 “^=90°} then if wo put I foi the stai’s longitude seen fiom the sun, the appaient longitude 
(geocentuc) will be 

=:/~p. sec K 

and at the expiialion of six months 0 - I will become =: 270", and the apparent longitude 
now 

zil t- p . sec X; 

so that If wc put d for the difTcrenco of the star’s longitude, at tliese times, we shall get 

f/ = 2 p , sec X 
p=s^d, cos X. 

These conditions will enable us to fix on two stars that wiU give on the same day, ot neaily so, 
then gicatest paiallaxes with contraiy signs, and enable the instrument to detect tlie sum of 
them, instead of tlieir diffeience; and if the computed parallaxes,put into a tabular form, coi- 
respond with the observed paiallaxcs, it will be a piesumption in favour of the success of the 
observer. The parallax m latitude will become a maximum when cos (6—0 = ±90", oi 
5 s —p , sin X, and out of all the stars that one will have the greatest patnllax in latitude, which 
has its latitude =:90", wheie it becomes s? p j but cannot exceed this limit. With respect to 
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the imuillax m longitude, this having cos A foi the clenommatoi of its equation, may a little 
exceed p , and it incieases in piopoition as the paiallax in latitude diinimshes. Hence it ap¬ 
peals that in selecting stars suitable foi the puipose of being obseived, it will be advantageous 
to fix on stais that aie distant fiom the ecliptic, such as a Lyiai and Polaiis , though it has 
been found that the lattei gives no sensible parallax Of couise stais loo ncai the lioiuon 
will always be avoided, as involving the difficulty attendant on low altitudes. 


§ LXXXVI MICROMETER BY AMICI [Pi.ati' XXI ] 

1 At tlic tune when we printed oui desciiptions of the vaiious inicioineteis, we had not seen 
the double-image miciometei of the ingenious Amici of Modena, which wc have mentioned 
at page 194', but the distinguished inventoi has since been in England, and has supplied iia 
with the identical instiument, which he had used in his obseivations of double slais We 
have theiefoie now an oppoitunity of intiodiicing an account of this mieiomclci. Elgincs 4 
and 5 of Plate XXL lepicsent this Tippendagc to a telescope j the foimci gives a view of its 
exteinal appcaiance, facing the eye when applied to a telescope, and the lattci shows a section 
of its paits, asthey'would be seen edgewise. The-same leltcis of lefeienco apply to the 
coiiesponding paits of both. In the lowei figuic a is a shoit piece of tube, having a female 
sciew which leccivcs an adapter, foi applying the miciometei to any paiticulai telescope , iti 
itppci end caiiies a laige flanch to which the giaduated cucle c is sciowcd fast, and loiind 
the centie of this cucle the plate b revolves which bcais the cianked vcinioi d, lying ncaily in 
contact with the cucle, on the uppei side of which a dove-tail appeals, into which a leading 
lens 13 occasionallyifittSd by sliding. Upon this plate, &, is fixed, by foiu small pillais, a biass 
fiamc having foi its bottom a plate e, two inches and scven-cighls long, and two inches and a 
quartci wide, the end e being the liaiiowei. the coveiing plate,of this fiamc is six inches 
and thiee-eights long, and two inches and six-tenths wnde at both ends, but a little wider in 
the middle, to leceive the foiii sciews enteimg the upper ends of the pillais, as seen m both 
figuies the milled heads, g and h, have each an aibor, passing down thiough the long plate, 
and lestmg on small cocks, i, with each a pinion foimed at then lowei ends, of which one only 
is seen neai t, m fig. 5. Immediately undoi the long plate, oi coverlies anotlici naiiow bal, 
i k\ indented at the edge, with which the contiguous pinion acts, this nanow plate is 5 ’4 
inches long, and 1 *1 wide, and is indented thiough 4 *9 inches, leaving 0 *0 at each end with¬ 
out teeth. The divided scale /f, which lies above the long coveung plate, and paiallcl to the 
subjacent indented bar, is made fast to the lattei by two stiong steel sciews, that pass through 
a long peifoiation running paiallcl to the side of the long plate, anc] as the pimon g is turned, 
and moves the indented bar, the shale, thus connected with it, moves also, the paiallel diiec- 
tion being preseived by the stems of the said screws* sliding without shake along the opening 
with parallel sides, made in the coveung plateyy^, undei the scale Below each end of the in¬ 
dented Bai* at k and h\ aie attached small cocks, in which the ends of a long bar of glass r r' 
ai e fixed, with its sides cemented to the under face of the indented bai, so that when tins bar 
and attaClied scale are moved by the pinion, the glass also moves with them. The scale is 
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seven inches long, but is divided only about 6 ’5S of that length, into one hundred and sixty 
divisions and subdivisions, numbeied 0, 10, 20, &c. at the loiigei stiokes. Another plate mm\ 
cut away except at the two ends, contains a pair of veuners, one or the other of which always 
leads with the divisions on the graduated scale, whatever may be its position, as it regaids light 
and left. This veinier plate, m td, is fixed in the same manner as the scale H', by two screws, 
passing thiough a second long paiallel opening in the coveiing plate, to a second indented 
bai, in eveiy way like the founer bar k I', and also caiiying a second bai of glass cemented, 
and sciewed to it underneath. A part of the second opening is seen at n, and at o a poition 
of the second indented bai, which is turned by a second pinion on the lowei end of anotliei 
aiboi, cailying the milled head It . so that when the head h is tinned, the veimeis and attached 
subjacent bai of glass aio moved by it, m a line paiallel to the scale. The two bais of glass, 
winch aic each almost five inches long and 0 *8 wide, are nicely giound to a stiaiglit edge, and 
placed with those edges in contact, as seen within the cential cncular hole p, made at the 
middle of the long covci. The exUeme end of the second glass bai is visible at y, neai the 
end of the second indented bai, holding one of its cocks visible in fig. 4>, and also in fig, 5, 
wheic it appeals as a continuation of the fiist glass bar rd, though at the remote side of the 
cenlic These glass bais aio about two tenths of an inch thick at one end, and something 
moie at the other, the faces deviating a veiy little flora paiallehsm, and as the ends aie le- 
versed they icfiact in opposite diicclions, and consequently produce two images of an object 
ill all lehvtivo positions, except when then ends coincide, winch is their zcio position, where 
they give but one image. The head g will can y the scale over fifty one divisions, and the 
head Ji will move the vciniei plate ovei foity-seven, so that the whole effective poition of 
the scale is measured by innety-cigbt divisions and as the pinions will cany the scale and 
veinicis in citboi duccUon, to tlic light oi left, a mcasuio may be taken to the whole extent of 
ninety-eight divisions, on cilhei side of zeio, which mode of application makes the index euoi 
vanish, 

2 . On applying this micioineter to an achromatic telescope of Gy ‘5 inches focal length, 
(oui No, 3.) wc found that it afibetod the place of distinct vision only about the tenth of an 
inch, and as it elongated the focal distance, the ciuve of the glass bais must be concave. 
"When tins telescope was directed to a distant object, and a spidei’s-line micioinetei applied, as 
its eye-picco, to a piece of tube that screws into the cential hole of the coveung plate, the 
gieatest angle, that the double image miciomctei, at its position ninety-eight on the scale, 
would mcasuie, was found equal to 7 ’ly levolutions of the other miciometci’s scicw, the value 
of which angle with this telescope xs 3' 31" *37, (pages 103 and 104*,) which, being divided by 
mncty-cight, gives 2" *157 for the value of a single division, oi 0" *2157 foi the value ofunity 
on the veimer. The length of this eye tube is about four niches and a half, but it contains an 
innei tube holding the eye-piecc m its cell, winch draws out upwaids of three inches, to in- 
ciease the distance of the focal point from the pair of glass bais of the micrometei; and when 
this inner lube is diawn out just two inches, so as to make the whole distance, fioin the focus 
of the positive eye-piece to the neatest face of the glass bais, ?=7’85 inches, the gieatest 
measuie is incieased to 4' 43" *31, oi 9 ’61 levolutions of the spidei’s-line micioraetcr, in which 

position the value of one division becomes —^— = 2" ‘SQlj showing that the value of the 
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scale IS diffeient at each position of the inner sliding tube To asceitam piactically the natuie 
of this change m the values of the scale, the tube was put back one inch, just half the distance 
it was before drawn out to, and the gioatest moasuie was then found 8 '39 ievolutions only, oi 
i' 7".34<, giving the value of one division now only =:2".5g4, which is jnst a mean between the 
othci two deteiminations; this pioves that the diffeienccs ale constant, and that theiefoic the 
giadualions on the mnei tube, if formed into a scale of positions, would be equal divisions. 
This elongation of the eye-tube gives a pioperty to the miciometei that we have called poly, 
metiic, and which the inventoi in conversation had not mentioned. 

3 At fiist sight theie appealed to be a great lesemblance between this inicioinotei and 
Uainsden’s dioptiic imcrometei, as made by Mi. G, Dollond (§ XXXI), but on closei inspec¬ 
tion this lesemblance disappeaied. In the instiument befoie us the cone of rays is divided at 
the distance of neaily six inches befoie the focal image is fonned, and the eye-pieco is of the 
celestial kind, whereas in the older constuiction the sepaiation takes place close to the thu’d 
lens of a tciiestiial eye-piece. This micrometci has a cijcle for mcasunng angles of position, 
which the othei has not; and will measure angulai distances equally well at both sides of zeio, 
which the othei has not the means of doing. In this the scale and veiniei aio moved sepa- 
lately by then own pinions, fioin the position in which the instiument is packed, in the other 
one pinion turns both lacked bais m contraiy duections, by giving motion to the second pinion 
tluough the inleivention of a wheel, acting with both ; and its vciniei is fixed so as to have 
ZGio of the scale at the index* when the two slips of glass, iorming a poition of a concave lens, 
aio diawn out to their full extent, the tneasme being taken m then letiun to the situation for 
packing: which is just the reveiae of Amicfs glass bais. In the Italian instiiunont a little 
inoie than onc-half the length of the scale is available at one moasuie, the vcinieis being nfc 
opposite ends j but in the English instiument the whole scale passes befoie the veinioi, which 
has its station at the middle. In one the value of the scale is fixed, in the othei it is vaiiable. 
Hence, though there is a strong lesemblance in principle, the coiistiactions aic dissimilar in 
various lespects. They aio, howevei, both liable to three inconveniences in use , first, tlicir 
weight IS too gieat foi a telescope of ordinaiy dimensions, when mounted on the ccntie of 
gravity, secondly, they reqime the object to ho seen neai the centic of the field of view, to 
exhibit both images of the object, and witli equal distinctness, and thn dly* the conti al poi lion of 
the laigelcns from which the bais aie cut, aie partially taken away in grinding them sUaight, 
theicby pieventing exact supeiposition of the two images, which disjunction, in taking the dis¬ 
tance of close stais, is objectionable, as something is left to estimation. But this indeed is 
the case, moie oi less, with all double-image imciometeis depending on divided lenses, except 
peihaps the object-glass miciometei, m winch sometimes an interposed slip of hi ass separates 
the semi-lenses, and supplies the place oi the vitieous mattei removed fiom the centre of the 
cuive, by gunding die edges into a true shape. But the inconvenience peculiar to the micro¬ 
meter we have heie described is, that it cannot be applied to a common telescope till the total 
length of .its tube has been shortened by five oi six inches *, yet when it has been so shortened, 
the spider’s line iniciometer may be substituted foi an eye-piece, and then the measure of an¬ 
gular distance may be taken by eithex of the two micrometers, or indeed by both at the same 
time; and the paiallactic line of the second micrometer will seive admuably to lefei the angle 
of position to, when it is illuminated \ for the two micrometers may be turned lound together, 
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ftom the equatoiuil position, till the spidoi's line, commonly called the hoiizontal wire, just co- 
veis all the foin images, which is easily effected, when the telescope has a paiallactic motion, 
and the position in which they foim a stiaight lino is that m which the angle of position is ob¬ 
tained, on the limb of the divided ciicle, as heretofoic explained (§ XOV). 

4. Ml. Ileischol has explained in two very inteiesting communications to the Eoyal So¬ 
ciety of London, “ On the Pardlaxofthe Fixed Stars** (Pait III. 1826, and Paitl. 1827), how 
the diffeiencc of the paiallaxcs of two appaiently contiguous stars, commonly called a double 
stai, may be icndcied sensible, by measuring the changes of angular position of any pan of 
such stais, and it appeals probable, that if parallax really exists in an appieciable degiee, the 
method pioposcd is vciy likely to detect it j if, foi instance, an annual variation of 30' be dis- 
coveied in the angle of position, by a good position miciomctcr, whcie the measuiod distance 
of the two staia is only 3', the difference of then paiallaxcs, lesulting fiom such change, will he 
•iboiit onc-lbi tictli pail of a second, and wheie the distance is 15", the same change in the angle 
will show one eighth of a second of lelalivc paiallax. The most favouiable position foi ob¬ 
servations of this kind is, when the line joining the two stais points aa neaily as may be to the 
pole of the ecliptic, “but,*’ says the learned authoi, “ ten, twenty, oi even thhty degiees oi 
deviation, cithoi way from this duection, will not matcnally vitiate the application of this me¬ 
thod to stais noai the ecliptic, while, foi such as have consideiable latitudes, piopoilionally 
gieatei deviations may bo allowed, and within thiity dcgiees of the pole of the ecliptic this ele¬ 
ment IS of compaiatively small moment.” As the angtt of ponlioti of a line passing through 
two close stais, may be confounded with the angle formed at a star by the inteiscction of two 
gieat cuclcs passing thiough a stai fioin the poles of the equatoi and of the ecliptic, which in 
astionomicai language has also been called the angle (f position, m which sente it is used m om 
fiisl volume j Mi. Iloischcl pioposcs to call this lattei the angle qf situation by way of distinc¬ 
tion, which lie considois also more appiopriate, and which therefore we will adopt in this section. 
Let ns put 

© =; the longitude of the sun on a given day 5 
I = the longitude of the double star; 

A = tlie latitude of the same, » 
a = the maximum semi-annual paiallax} 

P = the total effect of pai allax on the angle of position, 
w = the measuied angle of position, 

(T =; the computed nnglo of situation, 

JO =: the measured ajigulai distance, 

Cos il/=: cos A . cos (ff ~ <r) by substitution. 

Then the sun’s longitude on the days most favourable for observing the angles of position, 
on which the giealesL diffcience of parallax will depend, may be obtamed fiom the following 

theoiem: 

sin X . tap (<{) — 0 ?= tan (f — (a) 

^ I 

and if we make P =; ^ . sin ilf, agreea^y to the aulhoi’s investigation, we may deduce the 



668 


MICROMETER BY AMICI. 


value of 0 a, the maximum of lelative paiallax, when the total effect (P) on the angle of posi¬ 
tion IS known, by the subjoined theoiem , 






sin P 
mi M ’ 



so that if we take P = SO', we have 



sm 80' 
sin M ’ 


and in like manner for any othei value of P, that may be detcimnied by actual inoasureraent 
by a position-miciometer, 

5, E,vample 1 . Let it be required to deteimino the two days in the ycai when the angle of 
position of 35 Piscmm may be obseived with most advantage j and also to compute tlic 
maximum of idative paiallax derivable fiom such angle, agiocably to the raeasuics of distance 
and position taken by Messieuis Heischcland South on Nov. 07> 1831, on a supposition that 30' 
IS the total effect of parallax on the angle of position? 

This stai IS No. 5 in oin catalogue of 500 Zodiacal Stais foi 1800 (Appendix to Vol. L), 
fiom which we have the longitude, latitude, and angle of situation, thus, 


Long. 1800 , . . . 
Add one yeai , . . 
Nov. 07 (Tab. XV.) 


s 

0 


4 >° 06 ' 8 ''. 0 , 

50 1 
4t5 S 


-Hi 


0 4 07 43,6 


lat. = 6 ° 36' HAdN., 

.—• 0.1 

- 0.1 




6 36 14.8 


N.E A = 66 “ 30' 43". 1 

- 0.9 

- 0.8 


66 30 44.8 




I . . I ’ 




I I 

Angle of situation, or comp, of N.E. Z = o'.* . . . ♦ S3 37 15.2 


This angle may also be obtained by any of the thiee methods e’s:plainod in pages 378 and 370 
of Volume L 

Then, to find the days piopcr for obseivation, we have the measured angle of position, fiom 
Messieius HeischePs and South^s catalogue. 

’T = I and (^r-ff) =: 37“ 8 ' 45". . . log tang ... 9 8794136 

0 - = 03 87 15 ) ^ 

(a) X r: 6 36 15 . . , log sm sub, . , 9 .06073.83 

Tang. (®-0 =81 00 0 . 0. 8 J80793 

Add I . 4 07 44 

O.=85 49 46 or 0 05° 49' 46" | 

June 17 , 1801 , © by Naut. Aim. 0 05 50 49 j 

Add SIX signs. 8 05 49 46 ) 

Dec, 17,1801,0 by Naut, Aim. 8 ^ 18 4 5" 
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In the next place to And M, we have 

Cos X . . . 6° 36' 15" log 9 9971086 
Cos (iT-o-) 37 8 45 log 9 9015134 

I I II I T — 

Cos M . . (37 38 41) 9 .8986320 

(i) And lastly, we obtain the log of 3 n thus 

Log Z) = 11" 186 ... log 1,0486748 
Sin 30'.log 7.9408419 


8 .9895167 

Sin M (87 38 41) sub 9.7858730 



Hence 0".lO is the computed annual paialkx coriesponding to a peiiodicnl vaiialion of 30' in 
the angle of position, which quantity is supposed to be within the reach of oiu position tnicio> 
ineteis j and if so, this method of deducing the paialhix of a stai fioin the observed peiiodical 
change in the angle ol position pioinises to detect a smallei quantity, than cqn be.obtained by 
direct measuicincnt of the paiallax itself. Mi. Ilcrschcl hfis tahen the trouble of computing, 
ftom approximate data, the annual pai allaxes of sixty-ninc double stars, togethoi with the days 
on which they may be most favoiurably obseivcd, a list of which lie gives as a specimen, that 
may be extended by compulation fioin the theoicras («) and (5), when the longitudes and lati¬ 
tudes aie pioviously known, winch, as aigumonts only, he obseivcs, may be taken loughly from 
a globe or map, to avoid the trouble of cqmputation. This mode of taking the data will ac¬ 
count foi a slight discicpancy in oui icspccUve losults, in.llio example wo have worked at full 
length. As the aulhoi had occasion to give some coircctjohs of hlsifiist specimen, wo give it 
in a following page in its collected slate, and the observei, who devotes himself to such ob¬ 
servations, will not fail to extend the list foi his own use, winch he may do by cqrqputing the 
longitude and latitude of the slai by the following foimul^, viz. 


.. . tan At. sin (<5 - tf) 

ItlH / ..... * 

(c) 

sin 0 


ain X . 

id) 

cos 0 



Sin 

where tan 0 =-C) aiul « = the obliquity of the ecliptic. 

tan 0 

6, Example 3. As Mr. Herschel has omitted to give the paiallax (3 a) of Draconis in 
his list, Uiough he has given the days most propei for obseivation, let it be required to supply 
this omission ? 

In the catalogue of double stars the Al is given 17*’ S'" or 355° 45', the declination 54° 43' 

VOL II 4 D 
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N, the angle of position (tr) 6l° 39', and the measuied distance (d) 8‘',9(T/ ; let us fiisL detci mine 
the longitude and latitude fiom the founuliE (c) and (d), thus, with five logauthinic figiiies, 


taiim255M.5'. 

-10 .59522 

(d) 

sin 5 54.° 4.3' . 

' . 9.91185 

sm ((p-<y) 57°55' . . . . 

9.92802 

cos ((? + <»») 10” 59' 

. . 9 99197 

Bin ip (- 34.” 27') sub . . . 

- 0.52324) 

- 9 75257 

cos (p sub . 

9 .90382 
. . 9.91625 

tan 1 80° 23', oi 260° 23' . . 

0.77067 

sin X - 76 ° 21' , . 

. . . 9.D8757 


By the assistance of I and X we can now determine the propel days, and Q a, fox a vaiialion of 
SO'in the angle of position, as befoie, in the following mannei, 


(«) 


Sin i) , . 

9.60012 

Tan ^ <r) , 

. 11.17770 

Cos M 

- 9.39120 

X ♦ * d t « 

. 9.98756 


-18.99132 

Tan ( © — 0 . . . 

. 11.16526 

Cos X sub 

9.37289 

1 ( 0-0 - • 

86 ° 5' 



1 . 

260 23 

Sin O' . . - 

- 9.6184.3 



ff ... - 

- 24)° 33' 

0 * 

= 34.6 28 

If , 

61 89 


11“ 16' 28 1 

(ffl*—(T) 2 

= 86 12 

March 7 , 1821 

11 16 38) 



Add SIX signs = 

5 16 28 i 



Septembei 9 

5 16 26 ) 




(/>) 

Cos X. 

Cos (vr—ir) . 


4 


9 .37230 
8 .aS134' 


Cos J/(89° 6').8.194.23 


Log i) 3"907. 0.59184. 

Sin 30'. 7.94)084. 

H I ■■ ■■■iiii t 

8.582GS 

Sub sin M. 9.99995 


2«=:0"084.. 8.53273 


Mr. Heiscliel obseives that the angle of situation, o', is taken positively, as in oui fiist example, 
when it falls in tlie hemisplicie that has for its pole} but that when it falls in the homispheie 
tliat has & for its pole, it will be negative, as in oui second example, 







A LIST OP DOUBLE STARS, ETC 



7. SPECIMEN OF A LIST OF DOUBLE STARS 

FAVOURABLY SITUATED FOB THE INVESTIGATION OF PARALLAX 
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Slftis’ Nfliiics 
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/R 

for 

IBSO 

Dccliiin 
lion for 
1830 
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projicr for obsci vallon 

11^ 1 

y ^ ^ 

rH ^ 

3 

hh 

p S, 

Q ^ o ^ 

< S 

ii 
^ 1 

j2 'o 
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limes of tlin year mnsl 
proper for obscrvalioit 

1 ^? 

9 n 5 »g 

o U o 

<1 5 {► u) 



1 h in 

0 / 





; h m 

0 f 



1 

35 Pibciiun 

0 0 

7 41) N 

Juno 27, Dgo 27 

0 008 

188 

39 Doottq M 

14 44 

10 27 N 

22, Sop 24 

0 040 

20 

yAiicUSi , * 

i 1 44 

18 26 N 

Jan 18j July 21 

0 086 

103 

44 . 

14 50 

48 21 N 

Juno 26, Dec 25 

0 020 

25 

»Pisuum , 

1 53 

1 6JN 

Tail 16, July 19 

0 047 

194 

Sii live 474 «< 

14 50 

0 65 N 

Jail 24, July 27 

0 042 

88 

32 Eiidiim 

8 46 

3 30 S 

Poll 13, Ang 17 

0 071 

201 

a Cor Bor 

16 10 

30 67N 

Jan 22, July 26 

0 011 

30 

f PcibCl ♦ ♦ 

3 10 

30 20 N 

Peb 13, Aug 18 

0 081 

205 

h Scrpantifa v 

15 28 

11 ON 

Peb 3, A«g 7 

0 027 

40 

55 Eiitlam 

1 30 

0 OS 

M) 0, Aug 10 

0 103 

200 

LilncB 170 , 

16 30 

0 11.S 

Feb 12, Aug 10 

0 104 

47 

a> Ammro ♦ * 

4 47 

37 SON 

Mai 6, Sep 8 

0 069 

2U 

TI 86 . 

16 47 

1 308 

Mar 4, Sep 0 

0 086 

, 61 

lligel , , 

r> (] 

0 2(tS 

Mar 20, Sep 22 

0 084 

212 

Ill 103 

15 48 

3 SON 

Mar 10, Sop 12 

0 132 

66 

118 Tium , , * 

6 10 

25 ON 

Mar iO, hop 13 

0 062 

228 

ff 6 Ophiuchi 

18 15 

23 IS 

Feb 25, Aug 30 

0 088 1 

50 

32 Glioma 

6 21 

6 48 N 

Mtu* 19, Sep 22 

0 013 

210 

M * * 

,10 40 

10 15 S 

5tar 1, - Sep* 2 

0 084 1 

50 

88 Onoma * 

6 22 

3 ON 

Mar 22, Sep 24 


242 

p Duiconis 

17 3 

04 43 N 

ilia* 7, Sep 0 

0 034 1 

07 : 

J Oiioms , M 

6 32 

2 3S 

FU) 20, Sep 2 

WMl 

216 

39 Opluuclu 

17 7 

24 6 S 

Mai 8, Sep 11 

0 111 1 

300 

U Ainigm 

5 50 

48 44 N 

Jim 23, Sip 20 

I 0 077 

252 

100 Ilci culls 

IB 1 

20 6N 

Rlar 19, Sep 21 

0 125 1 

09 

8 Moiiocoi, » 

0 14 

4 41N 

Ajn 2, Oct 6 

0 130 

206 

I 88 ... . . 

18 12 

25 20 N 

film 29, Oct 2 

0 040 * 

70 

38 Gcmmoium 

0 14 

13 2lN 

Hlar 80, Oct 3 

0 010 

209 

30 Di acorns 

10 21 

58 42 N 

Mnx 22, Sep 24 

0 031 


^ i 1 4 114 

7 1) 

22 18 N 

Api 6, Octi 0 

IH8BB 

271 

4W 1 t«11 • t 

18 30 

41 7N 

Api 16, Oct 18 

0 063 


n Onncu 

7 68 

28 ON 

Aj)r 18, Oct 21 

0 OU 1 

274 

M » t 1 

10 30 

LO 30 .S 

Apr 3, Ocl 7 

0 040 



8 10 

27 31N 

Api 18, Oct* 21 

■iMBiial 

280 

• # I f « 4 

10 42 

10 47 N 

Mar 28, Oct 1 

0,042 

04 


0 20 

7 15N 

Apt 29, Nov 1 

0 noil 

287 

1 IM i 

10 58 

0 68N 

Api 14, Oct 18 

0.077 

90 

l41on45 , 

8 3J) 

71 27 N 

Api 21, Oct 21 

0 070 

296 

III 67 . ! 

10 19 

20 40 N 

Apr 27, Oct 30 

0 002 

08 

57 Cana 1 «, 

8 43' 

31 ION 

May 4, Nov 6 

0 020 

308 

IT Aqmlte, . ! 

10 41 

11 2aN 

l^Iiiy 10, Nov 12 

0 021 

09 

17 llvtlia' , ,o 

8 47 

7 17 8 

Api 28, Oct 31 

0 063 

311 

f Diaooius o 

10 40 

(It) 48 N 

Apr 20, Oot 23 

0 023 

102 ' 

Gancu 104 

8 5? 

23 42 N 

Aim 30, Nov 2 

0 007 

312 

4 ]/ Cygm M« . ' 

10 61 

61 ,18 N 

Api IB, Oct 2i 

0 030 

114 

Lcoms 146 

10 11 

7 23N 

l\Iay 21, Nov 26 

0 060 

313 

I 00 .. 

10 69 

35 32 N 

Api 20, Oet. 23 

0 022 

m 

00 Lconia ^ 

il 26 

17 48 N 

June 6, Dee 0 

. 0 030 

317 

II. no , .. 

20 3 

' 

0 ION 

Api 0, Oct 10 

0 045 
-^ 

133 

Oo Ursffi , 

11 40 

47 20 N 

May 2J, Nov 24 

0 036 

320 

I. 05 . 

20 14 

,>4 ION 

Miiy 12, Nov^ 14 

BBBBl 

131 

2 Comai Bei 

11 66 

22 28 N 


0 038 

323 

fi Capneorni , 

20 20 

18 248 

Apr 28, Oct 20 ' 


147 

110 of 145 

12 26 

76 40 N 

iJunu J, Due 4 

0 063 

328 


20 3i 

38 6N 

Apr 27, Ocl 30 


152 

Stuivc 422 

12 40 

4 48 N 

Tune 27i])uc 27 

0 089 

343 

Sfci live 761* 1 * 

22 18 

06 6 ON 

Feb 14, Aug 18 


m 

—^ 424 ♦ 

12 44 

10 ON 


0 072 

310 

Aqunm 213, 

22 31 

9 ilS 

ifiluy 28, Nov 20 

imi 

iCl 

' ' .. ..... 

64 Vugmis 

,18 4 ' 

17 61 B 

Jan U, July 10 

mjBjM 

352 


22 68 

)81 61N 

June 24, Dec 24 

0 070 

1G7 

V-* 

81 » M 

13 28 

0 678 

Jan 12, July 16 


; 354 

iOlAiiuarn * «. 

\mmii 


May 21, Nov 22 

0 133 

173 

00 of 146 . 

14 5 

0 llN 

Tan* 20, July 23 


36G 


20 O'? 

10 41N 

June 4, Doe (i 

0 045 

no 

Stuivc 456 

14 13 

0 60 vS 

Jan 27, July 30 

mIbbM 




64 46 N 

July 10, Jan 14 

0 028 

177 

—467 * 

14 14 

0 ION 

Jan 23, July 20 

0 061 
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8 . In speaking of the position miciometei by Naiinc, as applied m the first instance to 
Su William Hcischers laige telescopes, (§ XLIV. ?.) we omitted to notice, that the plan and 
section of that appendage aie explained by figuies 2 and 3 in Plate VIII, containing the foity- 
feet leflectoi, we shall theiefoie avail ouiselves of the oppoitnnity, that now offbis, of sup- 
plying the inadveitent omission. The iing « & in fig 2 , is an end-section of the wooden box, 
that holds the biass-woik, the inlci.or ciicle of which includes a biass ciiculai plate, on the 
plane of which the indented nng, oi annulai wheel, lies flat, c c' is the intciioi poition of this 
ciicnlai plate, made fast to the uppei end of a slioit tube d, that constitutes the intciioi face 
of the eye-tiibe the ciiciilai poition cd of the pUte is thickei than tlie lost, that is covered 
by the annulai wheel, and keeps the wheel in its place, while the two bais e and d sciewcd 
fast to the poition c d, confine it to its bed, but in such a way as not to pi event its being 
turned lound the central part, when acted upon by the pinion/, earned by the aiboi of the 
small index plate g, paitly concealed by the annulai wheel. In fig. 3 this wheel is denoted 
by the paits h and U neai the two sciews, which appeal sepaiated, by being shown in section. 
The oUiei letteis denote the same parts as in figuic 2 , and t shows the cock, on which the 
pivot of the pinion’s aiboi lests, as made fast to the fixed tube d. The shoit line ciossmg tlic 
centic IS a piece of fine wiie attached to the face of the plate, between c and c', and the long 
one, crossing it in an acute angle, is canicd by the annulai wheel, and moves with it, when- 
evei motion is communicated by the pinion. This is clone by a single finger laid against the 
cucmnfcience of the index plate which foi this pin pose is milled at the edge, to admit of 
being moved in either diiection by the least picssuie. The dial, or index plate, was divided 
into sixty paits, and each of these again subdivided into two 5 then as the pinion had six leaves 
and the wheel ninety teeth, the dial must have levoivcd fifteen tunes foi one levolution of the 
wheel, 1 . 0 m S60°, and 120 x 15 = 1800 weie the numbei of subdivisions mcasiuingthe ciicIc, 

so tbat3^^=5 made the numbei of divided spaces in the dogicc, each of which therofoio 

was 12 ', the smallest aic that this nnciometci would mcasuie without estimation of a fiac- 
tional pait but the play of the pinion in action with the wheel was the greatest objection to 
this constiuction, which even the excellence of woikmanship cannot icraedy, A pait of the 
dial piotiucled from the side of the wooden box, and a stiaight line at the side of the opening 
was in place of an index. It was haidly to be expected, that Sii William would icmain long 
satisfied with the indications of such a coaisc contiivance, aftei a bettci miciometci was 
within ins leach. 


f LXXXVIl THE SEXTANT [Pi.ath XXIX.;] 

1. Auteu having clescubed thoseastionoinical instiuraents that measuie celestial aics by diiecL 
vision, we proceed lastly, to give some account of those instiuments that measuie by leflection j 
and that are chiefly used in nautical astionomy. It has been affirmed, that a manusciipt, by 
Sir Isaac Newton’s own hand, was found among Di. Halley’s papers after his death, containing 
an account of h quadrant, ot octant, that would measuie altitudes fiom an boiizon seen by 
single leflection, and which, accoiding to Stone, was actually consti ucted in the yeai I 672 , when 
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Di. Halley was piepaiing to go to the South Seas* but tins manusciipt was not leferred to 
when Iladley fiist exhibited his uistiument to the Royal Society of London, of which he was 
Vice Piesidcnt, noi was it made public till the yeai 1742. Hence some doubt has been occa¬ 
sioned, whethei oi not both these distinguished men were equally entitled to the honour of this 
useful invention . The use of the plumb lino and of the level was impi acticable on boaid a ship, 
as well as the application of meicuiy oi othei fluid, as a leflecUng siufdce, so that the altitude 
of a heavenly body could be refeiied only to the sensible hoiizon, oi line bounding the sea and 
shy. Vaiious contiivances had been tiled, and successively adopted for giving llie measuie of 
an aiCj at sea, contained between a celestial body and the hoii< 5 on, in the foim of a cioss-staff, 
qiiadiant, &c. but none of tliem with sufficient accuracy The intioduction of a small tniiroi, 
as an appendage to the quadiant, was a happy invention that icndeied an observation at the 
same time both easy of atlauiment and accuiate, and to this contuvance, m conjunction with 
the SCI vices of the dividing engine, nautical astionomy is move indebted, than to any subsequent 
invention. 

2. If an incident lay of light be leflocted fiom a peifeet plane, levolving lound an axis 
peipendicuki to the said pl.ine, the angulai velocity of the leflcctod ray will bo doubk the an- 
giilai velocity of the icfloctoi itself, which ratopUic piopertyioducedthc quadrant to an octant, 
01 sccloi equal to one-cighlh pnit of a ciicle; for when the index is moved ovci one half only 
of a degice, the mnioi, standing at light angles to its plane, and moving with it round the 
common cciiLie of motion, occasions aicfloctod body to move appaiontly through an aic of an 
entile degree, and in like piopoition foi a smalloi or laigei quantity. Hence an octant is 
giaduated into 90® audits parts, and is theiefoic usually called a quadiant; and requiies a 
ladliis of double the length of an astionomical quadiant, that the degiec may be of equal ex¬ 
tent. If altitudes only had been lequncd in navigation, the quadiant oi oclanl would have 
been competent to such pmposo} but altei the piactico of mcasuung the moon’s distance fioin 
a stai became seiviceablc in dctciminmg the longitude of a ship, it was necessary to extend 
the aic of the instiumeiit’s hmh to upwaids of 60°, mcasuung 120* byieflection. The name of 
sextant was then substituted foi octant; but as the constiuction of both mstiuments is the samo, 
wo will descube only the sexUnt, os compichcnding the other within it, and poifoiming all its 
opeiations. 

8. The divisions of the octant’s limb wcic oiigmally read by means of lines forming n 
diagonal scale, but the vcinier, since substituted, answcis the purpose much better , and will 
subdivide the minute into poitions of 10* each, or even less with a Urge tadms. Tho sextant 
which we piopose to descube is repiesented by fig. 8 of Tlate XXIX, whoie the pcispective 
view shows the puncipal parts, as constructed by Ramsden. The flat bais of hi ass, forming 
the sectoral fiamo of this sextant, are cast mmne .piece, except llie limb, whioh is sciowed 
upon the ends of the radial bars, they are all strengthened by as many edge bars, screwed 

* In an old instrument wludi wo have, supposed to l)o similar to Bi Halley's, tlio liori/on glass is nil silvered, nnd 
the indox glass without silvci iiig, oi daik glasses In this construction tho hoi laon is seen hy smglo i ellection, but the sun 
or slat by double icflcction, throiigli a long telescope, lying in a radial diicction from scio on Uie limb towards the index 
glass Tho images of tho two objects aro both seen ihroiigh tho index glass, on the face of tlio horiron glass, ivlioii tho te¬ 
lescope is directed to'a point beiJweon tho objects whetoss in Hadley's Instrumoiit tho tcloscojic lies ncioss the radial bars, 
and views thehonzon, oi second ohjcct, by diicot vision, in a line of sight at right angles to that of Halley's octant 
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close to the lowei faces lespectively by sciews from above, of which the heads appear m the 
diawing. The limb has a ladius of nine inches and a half, and has two sets of divisions, of 
which the outer one only is engiaved, tins scale, as divided by Eamsden, has the degicc di¬ 
vided into only thiee paits, vvheio a veiniei of foity divisions is co-extcnsive with thiity-nme 
on the limb, and reads theiefoie to 30", but the innci scale, subsequently divided by Trough- 
ton, has the degice subdivided into ten paits, and each ol the six minutes on the vciniei into 
twelve subdivisions, so that one twelfth of a minute, oi 5", aie indicated by this scale, and len- 
deied perfectly legible by the pan of lenses fbimiug a simple raicioscopc, similai to a positive 
eyc-piece of a telescope; it is earned by the shoit aim and leflectoi, suppoitcd by, and 
tuiiung upon the long aim of the index, commonly called the vciniei bai. This bai is also 
stiengthened by an edge-bai seen above it in the figme, and cailies the clamp and tangent- 
sciew of slow motion, which have been aheady desciibed [§ XLVI S.J as well as tlie verniers, 
which have also been explained [§ XLVII. 2 and 4i] its uppei end tciminatos with a cncle 
of two inches and a half in diametci, caiiying a pcipendiculai axis of motion, two inches and a 
half long, within a conical socket, sciewed fast to the back suifacc, and foiming one of thicc 
shoit legs, on which the instillment tests when out of hand. This axis gives a long bcaiiiig 
to the cential pait of tlie instiuincnt, ovci which the fiamo of the silvciod index-glass is fixed 
by sciews, in a diiection tuily peipendiculai to the plane of the giadtialcd limb , and foiming 
by its edge a diamctei to the cucular poition of the veiniei-bai, with which it moves lound 
the long axis as a common ccntie. The limb contains 139°, exclusively of the aic of excess 
behind the zeio point, which is a gieatci angle than is computed in the Nautical Almanac foi 
the lunar distance of any slai The ladial bai of the flame, tliat is sciewed to the cxticmc 
end of the limb neai 180°, is left bioad about the middle, to receive a pan of cocks holding a 
second glass, called the hoiizon glass; one half of which only is silveied. This glass stands 
peipendiculaily, with its lowei end icsting on the face of the bioad pait of the ladial bar, and 
exactly paialiel to the index-glass when the vernier stands at zcio on the limb. A small tele¬ 
scope about five inches and a half long, and magnifying foui times, sciews into a iing of hi ass 
attached to an adjustable tiiangidai stem, that will use and fall by means of a soiew, called 
the up and down piece, the use of which is to hold the line of colhiiiation of the tcIo.scopo 
paialiel to the plane of the limb, and to altei its distance fiom the flame till the ccntie of tlie 
object-glass is so divided by the line in the hoiizon glass, that sopaiatos the silvciod flora 
the unsilvoied pait, that the image of any body, seen by icfloction fioin the silvoied poitioii, 
may appeal as blight as the object itself, seen tluough the unsilvcicd poition by diiect vision; 
and when this is not the case, the milled head of the screw foi this adjustment will move tlie 
up and down piece, cauying the telescope, till the object and its image aie equally blight; 
which IS an essential adjustment, paiticulaily in taking lunai distances. Ecsides this telescope 
theio is a slioitei one with a concave lens foi an eye-piece, magnifying live times, winch docs 
not invcit the object, and which theicfoie may be used inoie famihaily at fiist, to pievcnt mis¬ 
taking one edge of the sun oi moon for the othei. Thcie is also a tube witliout glasses to con¬ 
fine the line of sight, when the contact is made without a magnifying power. These three 
tubes have similar sciews, and will any of them fit the female sciew of the up and down piece. 
Ml Tioughton supplied a new index glass and telescope of gieatei magnifying power, when 
he added the fine divisions When the verniei of the index bai stands at zeio, and the two 
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silveied glasses aie propcily adjusted to paiallelism, the lays coming from a stai, oi othei 
object, and falling on the face of the index glass, aie fiist leflectcd upon the face of the houzon 
glass, and a second time fiom the silveied pait of it lowaids the object-glass ot the telescope, 
and the image seen Ihiough the telescope, aftei this double lofiection, coincides with the 
same stai, oi object seen also thiough the telescope by diiect vision, wheie the two ^Ylll 
appeal as one, piovided theie be no deviation fioin paiallchsm in the lelativo positions of the 
two glasses} but if one is seen above the othei, when the vciniei indicates O' 0 ", the quantity 
constitutes an ciioi called the index ciioi, which must always be applied to the raeasuie of 
an aic with its piopei sign, as a constant collection. If the object and its image should not 
be peifectly coincident m a lateial diicction, when the index eiioi has been adjusted, this shows 
that the glasses aie not both peipendiculai to the face of the limb, which they ought to be 
the index glass may fiist be examined by bunging the vciniei to indicate about inoie oi 
less, and by looking obliquely into this miiioi, so as to view the sharp edge of tho limb, by 
diiect vision to the light hand, and by leflcction to the IcH} (oi if the limb continue lu a 
straight lino, at the junction of the leflectod poition with the portion seen diicctly, the miiioi 
IS peipendiculai, but not othei wise This position howevei is usually put light by the inakei, 
and is not liable to altci with good usage. The houzon glass has always an adjusting screw below 
the frame, which will bung the object and its image into a state of lateial coincidence, wlien 
piopcrly used. But the less the oiigmal adjustments aie meddled with tho better : these deli¬ 
cate paits of the mstiument should novel be dei angod foi the pin pose of giatifying cuuosity. 
The handle of this sextant is formed into a ciank, the two biass ends of which aic made fast 
to the edge bais, that cioss tho back part of the flame, wheie thcie is loom foi the hand, and a 
hole in the middle of the handle allows of its being fixed to a stand, in any vcitical oi oblique 
diiection. 

4i, On the cxtcinal edge of the bioad ladial bai, between tho two glasses, a cock is screwed 
fast, having four concentuc joints caiiying each a squaie biass fiatpe, containing as many cii- 
culai discs of daik glass of vaiious shades of coloui, which will tmn forwaids, scpaiatcly oi 
jointly, and inteicept the leflcctcd image of the sun coming fiom the index glass, theieby mo¬ 
difying the quantity of light that the eye can bear, but at othei times they will fall back and 
allow the leflccted image to pass without uiteuuption. In the flguie, one of these is turned up, 
and tlnoe he back. Anotbei set of thieo coloui ed discs of glass, in louiul fl ames, arc sustained 
m like manner by a cock having thice concentuc joints behind tlie houzon glass, any one or 
moie of which may be turned up to inteicept tho diiect xays of the sun. Of these one also is 
seen tinned up. Some one of the foimei set of glasses is used when the sun’s altitude is 
taken, to claiken his descending image as the veinier bai advances on the limb, and the hou¬ 
zon IB seen through the unsilveied pait of the second glass, when this image is bi ought down 
mto contact with It, at the line of junction scpaiating the silveied fiom the unsilveied part. 
When the horizon is not used, a daik glass of each set may be used together, as in the case of 
measuiing the sun’s diametei at each side of zeio, to deteimine the index euoi 5 or wdien a 
double altitude is taken by leflection frpm mercury, oil, or watei, 111 all which cases the eye 
will lequue piotection from both the sun and its luminous imago, when bi ought into a state of 
contact. Theie is also a set of small coloured glass discs sciewing ovei the eye-piece of the 
telescope, any one of which alone will secuie the eye from both the sun and his reflected image. 
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In all teiiestual and lunai obseivations of a sUi the daik glasses aie not wanted, except in a 
deal sky when the moon is veiy high, and gives inoio light than the eye can boai 5 which, Mi. 
Fallows infoims us, has been the case sometimes at the Cape of Good Hope. Itia of the utmost 
importance that the leflecting glasses should have then faces ground and polished peifectly pa* 
lallel, to avoid the effects of lefiaction , and as theie aie two suifacos that icflcct, one a pri 
iiiaiy and the othei a faint 01 secondary image of a liuninoub object, the obseiver must be care* 
fill not to mistake one foi the othei, paiUculaily when the daik glasses aio used. Indeed to 
avoid this effect the daik glasses aie usually fixed in an inclined position, as they icgaid then 
lespective miiiois The daik glasses should also have paiallcl faces, as well as bo placed in 
paiallel positions then coiicctness in this lespcct may geiicially be known by taking a mea 
suie of the sun's diainelei, with one pan of glasses of coitiesponding coloui j and then, without 
alteiing the measuie, by trying if it will lemain the same when any other pair is used, 01 when tho 
faces aie leveised, as they aie sometimes made to do j and also when tho single disc is used at 
the eye-piece of the telescope Foi want of such examination the best instinmcnt may give a 
false solai altitude. When the leflecting miiiois have not paiallel faces and peifeet planes, 
the eiior occasioned cannot be lemcdied without new glasses, which the skillul optician must 
supply we say skilful, because the Fiench have been in the habit of sonthng to England for 
those glasses, as being moic peifcct than they can make them. If a pioco of glass of unequal 
thickness, of tho shape of a thin wedge, bo placed on the middle of an object-glass of a good 
telescope, the object viewed will be displaced by the xcfiaction lowaids the thicker end 5 and 
on leveising the ends the displacement will be in a contiaiy direction, but'a piece of homo¬ 
geneous glass with paiallel faces will not altci the place of the object, when jilaced bofoie and 
in contact with an object glass of an adjusted telescope. Ilcnce it will not bo difficult to piovo 
whether the index glass, 01 honzon glass, hefoio it is silveicd, be suitable foi its puipose: a 
very small deviation fioin tiuo paiallehsm will pioduce an augmented eiioi, whcio both reflection 
and lefiaction aie concerned in cieating it. 

5 . In the eldei quadrants, but nevei we believe m sextants, a second horizon glass was 
applied for the puipose of gaming a laigc angle of measuieinent, as piopoaod by Hadley him¬ 
self, that the image of tho object obscived might be earned to the opposite point of the hoiizon, 
when clouds lendeied the fiont view impiacticable, it will be sufficient foi oui puipose to state, 
that tins effect was pioduccd by fixing the second hoiizon glass bohind tho other, with its 
plane exactly at light angles to the plane of the flist j and then, when the supplement of any 
angle of altitude was leqiined to be measiued, the obsoivei turned his back towaids the object, 
and biouglit its image to the opposite point in the horizon. When the angle always exceeded 
90®, a little deviation in the adjustments of the glasses, 01 a small defect m Ihoir construction, 
occasioned a consideiable eiioi, and notwithstanding all attempts of scientific men to lemedy 
the evil, and to lender the method sufficiently intelligible and convenient in practice, we hear 
nothing now said about its utility, and theicfoie may safely suflei it to fall into oblivion. 

6. The sextants made by Mr. Tioughton have double flames, united face to face by pillars, 
and are of smaller radius than the one we have above described j but as they unite strength 
with lightne®, they have been in gieat request m the naval seivice The advantages that'the 
sextant has peculiaily ovei foi met instruments, aie, that it reqmies no steady foundation to 
Stand on, buii may be used in the hand while a ship is moving or even tossing about; and that 



EBFLECTING AND HEPEATING CIRCLES 


677 


the measine may be taken in any diiection, vertical, hoiizontal, or oblique, with almost equal 
ease, w'hich piopeities icndei it a most convenient instiuraent both by sea and land. When 
on shoie, any of the aitificial hoiizons, numbeied % 8, and 5 in Hate XXIX, being used, a 
doable altitude may be taken with as much case, as by the natiual hoiizon, and with more coi- 
rectness, since only half the eiior of contact will be chaiged on the obscivation, while the total 
aic passed over is doubled. The tangent sciew is paiticulaily useful in this instiument, and, 
what IS veiy convenient, the measuic on the arc maybe lead at any subsequent peiiod, so 
long as the sciew is not altcied To succeed in taking an obscivation, the obseivei must ac¬ 
custom himself to hold the plane of the instiiimontpaiallol to the line that jdms the two objects 
including the aic to be measured, and must also be able to give a slow and steady oiiculai 
motion of Ins body to the light oi left, consulciing the axis of the telescope as the ccniie of 
motion, that the imago of the obscived body may just touch the hoiizou, as it passes in an aic 
of a ciiclc, when an alutndc is taken, oi that the limb of one object may just slide by the 
image of the othci in a state of contact. The method of using an ailificial hoiizon will be e\ 
plained in Section LXXXIX. 




T 




{ LXXXVIII. REFLECTING AND REPEATING CIRCLES [PLA-ri XXVIII ] 

1 Wo have alieady said tliat Piofessoi Mayei, of Goltmg'en, was the flist peison 

who cndoavoiuod to compensate foi the imperfect slate of dividing an instiument, by repeating 
the mcasuic of an aic thiough a laigc poition of 360 ® j and also that Boida was the flist astio- 
nomei who cousUucled a lepcatmg circle But the piinciple of lefleclion was not at first 
united with the icpcating piinciple Mayer has dcsciibcd an instiument, m his “ Tabtdw Mo- 
tuum Sotis ei Ltmce, Londmi, I77O,” in which these two piopoiUcs aio muted, and Bud con- 
stiucted one foi the use of Admnal Campbell, of which wo have had tcmpoiaiy possession. It 
was the opinion of the invcntoi, that a circle could not be divided by the beam-compass to lead 
to a clegiec of accuiacy ncaiei than 3 ', tlie dividing engine not being then in existence, and 
ho therefoio fixed on sixteen inches as the diamotoi of his ciicic, to allow of divisions suffi¬ 
ciently laige 5 but Bud exceeded this dimension by nearly an inch and a half, exclusively of the 
superfluous poition of the limb; and the consequence was, that the bulky instrument le- 
quued a staff'to lest on, and a ball and socket to give its plane the piopei diicction foi men- 
suiing. The ciicle had two ladial bais, one cairying the index glass, silveied like that of an 
octant, and the othei the telescope and the horizon glass, paitly silveicd and paitly unsdvered, 
not fill distant behind the index glass, by this adaptation a single aic, requiiing two opera¬ 
tions, was icpealedly measmed lound the oiicle, and the whole amount lead off at the last. 
Tins ciicle was divided into 360 pails, and indicated mnnites m the usual way by the vermeis, 
of which each bai had one j and as each degiee was the measuie of two degrees, the amount, 
as lead, was doubled after the obscivation was finished. The telescope, which magnified foni 
times, was kept parallel to the plane of the bai that earned it, by a pair of jointed pieces that 
alteicd the distance between it and the bai, aftei the manner of a paiallel lulei, and it was 
thus adjusted foi good vision of both the object and its image, by being opposed to both por¬ 
tions of the hoiizon glass the dark glasses were used when lequired, and the six ladu of the 
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cucleweie biaced by edge bais, which added gieatly to the weight* The distance of the 
two veinieis fiom each othei in the mstuiment we examined is 78*'88'= 147 '' 16 ' in effect^ 
winch IS the gicatest single angle they will include , and when the index bai stands at zero, 
and the hoiizon bai at that place, the two glasses aic paiallel Placing the two glasses paiallel^ 
that is, wheie the object and its imago coincide, is the fiist opeiaiion, and bunging foiwauls 
the index and its glass, to make the contact of the image of the bnghtei body with the fainter 
body itself, as seen by diiect vision, foims the second opciation, foi obtaining the mcasiue of a 
single aic , and when these two opciations of moving the index bai and hoiizon bai altcinatoly, 
have been lepeated lound the ciiclc, the last leading, divided by the numbei of contacts, and 
doubled foi the piopci value of the guuluations, for the lesulting quantity, gave the aic to be 
measiiied, eithei as an altitude oi oblique distance, much moio coiicctly than could he ob¬ 
tained fiom one pair of opeiations, supposing the cuclc to bo impelfecily divided* But Ad- 
miial Campbell found the instiumcnt unmanageable at sea, as a icpeaiing instiumeni, and on 
finding that the aitist had done justice to the divisions (foi tbcie was not an eiioi ofmoic than 
1' m any of the contiguous divisions), ho selected that poition of the limb that was most fice 
flom ciiois of division, and used it simply as a sextant, suppoiting the heavy insliumonl by a 
belt; and this mode of using a laigc divided arc with success mtioduced the subsequent con- 
stiuction of the sextant, that has been in use cvci since, wheic angles exceeding a quadrant 
have been lequncd to be measuied We have not encumbeicd oiu plate with an cngiuving of 
Mayei^s cuclc, now no longei in use, but have deemed it right to give tins sketch of its con- 
sliuction and mode of measining, to explain moie fully how Boida*s ciiclo, its succossoi, dif- 
fcis fiom it in those lospects, loi tins is the mstuiment winch has been gcncially adopted on 
the continent, undci one modification oi anothei, as the compctitoi of oiu naval instru- 

mentSi 

S Boula^s *—On contemplating Majei’s constiuction Boula had obscivcd that much 
time was lost by having two opeiations to effect each single ineasuic, and that, when llie aic 
was small, leqiuiing many such pans of opeiations to go lound the cuclc, winch would othei- 
wise be incomplete, the moving object might lequuc a collection foi change of place duung 
the total inteivalof lime, nocessaiy lor completing the opeiations, ho theicfoic conceued the 
ingenious plan of making txvo operations ineasiue a douhte arc^ when the ciicle was clmdod into 
7S0 divisions and then subdivisions, to lepiesent so many degiccs and paits. The celebiated 
authoi published his pamphlet entitled De^ci iption et Usage du Ceiclede at Pans, 

in the yeai 1787 ) aftei he had been employed twelve yea is in pcifccting Ins consUuctimi of the 
lepeating ciicle, and in picpaung Ins useful tables of ieduction to the meiidian, and otliei im- 
npi tables of collection, He had fmthci lemaikcd that the adjustment foi paialielisin of the 
two glasses in one of the opeiations with Mayci^s cuclc was effected by viewing the hoiizon at 
sea, which was fiequcntly pioducUvo of cnoi on account of the difficulty of bunging the diiect 
aii^ leflected honzontal lines to be an exact continuation of each othci , and also that the pci- 
pendiculauty of the cential mirio^i, as it legaided the plane of the cuclc, was distuibccl by de¬ 
viations occasioned at ceitain parts of the giaduated hmb, and for these leasons he contiived 
to dispense with the adjustment foi paiallehsm altogethci, except in the beginning ol the ope¬ 
iations at the zeio position 

3 A peispccUve view of Boida’s reflecting cncle, as made by Lenoii, is contained m fig* 
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1 of Plate XXVIII, which will enable us to explain its constiuction The giaduated limb of 
the ciicle is smallci than MayePs, having a ladius of only 5.3 English inches, in the instiu- 
inent we exaimnech which theiefoie is poi table by a small handle behind the ceutic. The in¬ 
dex bai a teiminafes with a voinici, that has twenty divisions coextensive with nineteen on the 
limb, which limb appeals to have been divided by an onginc, or othei mecbamcal mode of 
tiansfeumg the divisions fiom a laigci cucle: it has also the usual clamp and tangent sciew 
of slow motion, and caiiies, on the loiinded ccntial pait, the silveied glass paiallcl toils length, 
standing at light angles to the plane of the six-auned cucle. The houi^on bai h ciosses alaige 
aic of the cuclc, and swells in bieadth at the middle, to admit of a central liole foi the common 
axis of the index bai and miiioi to pass thiough. This long second bai caiiics the telescope 
as well as the bonbon glass, like Mayei’s, and has its second veimei at the eye cud of the telc-^ 
scope, wheic a second clamp and tangent scicw aie applied The telescope is shoitoi than 
MayePs, ami the hou7on glass is lemovod failhei fiom the ceniie of the cuclc, to avoid the 
luteiception of an incident lay, coming eithci fiom iho light or left upon the index glass, the 
face of which is tuincd fiom the obscivei This removal of the bouton glass, iiifling as it may 
appeal to be, is yet the puncipal unpiovcment ju this uistunncnt, by admitting of the aic of 
measuicmcnt to be doubled The telescope lests on Iwo cocks attaclied to the hoiizon bai, 
one undci each end, and a pah of upughi scicws with milled heads, c and adjust the posi¬ 
tion of the line of colhinaiion, both as it legaids the middle of the horizon glass and paial- 
Iclism with the face ol the bai, to eftect both which, in icndenng an object and its imago 
equally blight, the two scicws must nccessauly be iuinod by alternate adjustments, which 
makes the opeiation tedious, paiticulaily as each scicw has a scale that leqiuies to be lead aftet 
each Uun, to ussine the paialleUsm \ the sliding index pieces, that point to the scales, being sc- 
ptuately attached to iho telescope. This is a moie steady conliivaucc, us a substitute foi the 
up and down piece of the sextant, than Mayci*s jointed paiallcl pieces, that keep thou adjusted 
Bitimtion simply by fuction of the contiguous paits mieic aic thice pans of daik glasses oc¬ 
casionally applied by means of fixing scicws, at^ g, and A, bcfoie and behind the index glass, 
to be used as in the sextant, which pans should match one anothei m coloui, except that when 
a glass is fixed by the two sciews seen close to the ccntie, it must have a lighter shade of colom 
than the couesponding one i\tjl on account of tho lays of light passing twice thiough it, once 
before and again aftei leflcction liom tho index glass ‘ tins glass is only used when a lay inci¬ 
dent fiom the left, within the limit fiom 5 ° 20' to 34 % is intciccptcd by the fiame of the glass 
at g The daik glasses fixed at /’have then faces inclined in a small angle to the plane of the 
houzon glass to pievent the inlcifcieuco of a secondaiy imago. Two of these glasses aie seen 
detached, and maiked^/and h icspccUvcly The telescope is six inches long, and magnifies 
only tlnec times, with a field of view of 5 ° 40 ', the space between the hvo parallel oculai lines 
being exactly 2*^. As usual, it inveits the object. The detached slip of biass t, called a mniellCi 
IS blackened on both sides, and has a tiiangular hole, that limits the light commg diicctly upon 
the unsilvcicd pait of the honzon glass, when fixed in the socket/*of the ckik glasses, which 
addition is chiefly useful when obscivmg teuestnal objects, the images of which me ilms len- 
dcied of equal biightncss with the objects themselves. Thcic are also a pair ol bent plates, 
similai to the one seen detached at Jh called mseim, the use of which is to assist in examining 
the peipendiculauty of the index miiroi, they aie placed on opposite sides of tho divided 
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hrab, wlieie the height of one viseui, seen byicflection, is compared with tilo height of the 
othei, seen by diiect vision. But these pieces may be dispensed with, as the boimdaiy line of 
the hinb will do as well, and is even raoie convenient. 

4<. With lespect to the mode of using this mstiuinent, wfe found, on examination, that the 
constant angle Contained between the two veiniel bais, when the glasses loinainod in a stale of 
parallelism, is 167“ 35 ' instead of loohing at the light hand object, and of bunging the index 
bar towaids the veiinei of the hoiuon bar, as Mayei pioposed in mcasiuing a single aic, the 
telescope must in the tiist place be diiected to the left hand object, while the index lomains at 
zeio, audits image must be biought to comcido with the light hand object, viewed directly, 
by cariying the telescope outwaul, to eiilaige the constant angle by a quantity equal to the 
simple angle to be measured, winch wo will suppose to be 30 °; tlien 1 P 7 “ S 5 ' will bo the aic 
intercepted between the veinieis, wlien this coincidence takes place this is the fiist operation 
of the pan, when the simple angle might be taken appioximately by subtiacting the constant 
angle fioin the incieased angle, as read by the telescope’s veimei, if it were thought desnable: 
the telescope must now be clamped to the limb, while the coincidence icmains peifocl, and the 
veimei of the index bai, being vniclamped and bioiight foiwaids towaids the telescope, catiies 
the linage again to its oiiginal situation, whcic the glasses become again paiallcl, with the index 
standing at 30 ®, but it is not nccessaiy that the index should stop heic, at the now point of 
paiallehsm, but Inuat go on ciossing this point, and appioacliing the tolcscopo till the image of 
the light hand object, in its turn, is found in contact with the left hand object; in which situa¬ 
tion the voiniei of the index bni will ineasiue 60 ®, namely 30 ® at each side of the new point of 
pniallelisin, and the motion given to this veinici constitutes the second opeialion of the obser¬ 
vation j the two opeiations taken togethei aic called the crossed oheivatton, giving a double 
angle Now if the point Oo® be considcicd as a new zcio, and the two opeiations be lopeatod, 
as above dcsciibecl, by moving fiist the telescope and then the index bai in succession, and at¬ 
tending to the clamps and contacts, the next zeio point will be found at P^O®, and aflei twelve 
ciossed obseivatioiis the veinieis will have passed ovoi 60 x 12=720 divisions, lepicsciiting so 
many degiees, which in a leflecting instalment flill within one cnciimfeionce. Tlminslin- 
inent has been highly extolled by the S9avans of Bans, and as a nautical one seems to have su))ci 
seded the sextant, Wo have seen some of Garaby’s icflectnig ciicleson Boida’s punciplc, lli.it 
me neatly coiistiuctcd, and beautifully divided. It can haidly be necossaiy to add, that tho 
exact times conesponding to tho contacts must be obseived, and noted down in cveiy senes of 
obseivations made with thciopeating ciiclc. 

5 . Mendoza’s ,—Joseph do Mendoza Rios, a captain m the Royal Navy, and authoi of the 
well known Nautical Tables, piesentod a papei to tho Royal Society of London, wliicli was pub¬ 
lished in the PhilosophicalTuinsaclions of 1801 , in which he dcsciibcd a icpoating and leflecting 
circle of Ins contiivance, winch accelciatcd the opeiations m taking an obsci valion even beyond 
what BoicU’s did, which lie denominated a reflecting and doubly-multiply mg cii cle, but he sub¬ 
sequently impioved this ciicle, accoiding to the plan winch we puipose in the next place to de¬ 
scribe, In all the foimei circles one limb only was giaduated, on which the veinieis icad tlio 
meaSuiedatiglej but in this instiiimtent thcie arethioe graduated circulai poitions, two move- 
able lound a common centie, and one immoveable, and, what constitutes anotiiei peculiarity, 
the bar, which beats tho central mirroi, commonly called tho index mirioi, and which has 
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usually the vcinioi, oi veinieis wheic inoie aio applied, has heie no veimei attached to it, but 
js used foi the sole purpose of conveying the vciniois and a circle of SbO° alternately to the 
light and left of then piunaiy position, by a species of vibiatoiy motion, duung a seues of 
ciossed obseivations, in which the coii osponding clamps aie alternately made fast and released 
Fig. g, of the same Plate, is a peispectiva di awing of this instuunent in its irapiovod stale, 
in which the uppci oi giaduated face is lepiescnted 5 the disposition pf the handles and glasses 
at the lowci face is boiiowcd fiom Tioughton's constiuction of the leflecting ciicle, winch wo 
shall tlescubo in oin next Section, and which thciefoio we will pass ovoi at piesenl, as having 
no connection with Mendo/a’s piinciple, but only as lendeimg it inoie conveniently effectual. 
As we had foiincily occasion to desenbo this cncle in anothei woilc, wc shall copy oui own do- 
sciiption heie without hesitation. 

6. C IS the fixed cuclc, usually called the limb of the mstiument, over winch is placed a 
second cuclc, J), and also ovei that a thud one, E, the two latter of which move acpaiately 
and fiecly lound the centic of the nistiumont, above the last cuclc the index, JP has its 
situation, and rallies at the low end of its axis the index minoi, which, being at piesent at the 
undei-sido, cannot bo scon m the liguie. The fixed cncle C has its mfcrioi auifaco divided, to 
the light and left, into two sets of divisions as fai as 140 “, like two sepaiate sextants ^ tbcir le- 
spccUvc zciocs commencing not atone point, but at the distance floin on^ anothei of the 
bicadth of the index, so that one of them touches one edge of the index, when the other 
touches the other at the divided pail of the limb . on these two poitions of the ciiculai limb 
slide two small stops, a and which may be made to remain in any given points, The index 
mill01 and horizon mm01 aic paiallcl to each othei when the end of the index F occupies the 
situation between the two zeioes 5 and as it is gencially known pietty neaily, what the angular 
distance of two heavenly bodies is, when a liinai obseivation is made, these slops may be slided 
along the light and loft divisions of the limb icspcctively, till then inner edges stand on the 
supposed dcgiec of angular distance horn then lespcctivc zcioes, in which situations they will 
SCI VO as gnulos, paiticiilaily in the night, for fixing the index alternately in a ciossed obsciva- 
tion, in 01 del to find the places of successive contact, more conveniently than they could be 
found without some such rough guide: nor will these .stops bo seivicoable for the fiist ciossed 
obsei vation only, butfoi oveiy siihsequenL one 5 since the successive obsei vations lequnc not 
the index to have any othci than alternate backwaid and foiwaid motions, between the two 
stops, how often soevci icpcatod. The cuclc J) is nicely divided into 8G0 and then subdivi" 
sions, and the adjoining cuclc M cariics two veiineis, A and B, diainctucally opposite each 
othci, which lead off each to 10". On the index Fis the usual tangent-scicw foi piooui-jug a 
slow motion, when the index bai is clamped to the limb, which clamping is effected by the ac¬ 
tion of the small level c, Theie me, moieovci, four othei clamps with fixing sciews that have 
milled heads like /, which may bo called dead clamps, and which open by means of then own 
spiings, when then fixing sciews aic turned backwaidsj but winch lay hold of Uieu lospective 
moveable ciicles, when acted on by Ihefingei soiews. The clamps d and g are attached fast to 
the fixed circle C at opposite sides, and the clamps e and / aie attached to and earned by the 
index F the clamps.1/andy clamp the upper cndo-E to the limb, and c and g clamp the 
lowci one D Also when an observation is made with the motion of the index and its miiroi 
to the loft, / and g must both be fast, but d and e both loose. on the contraiy, when the mo- 
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tion of the index is to the light, d and e must be fast, and / and g loose Tlie heads of the 
clamps d and e have each a knob, by which they may easily bo dislinguished in the daik fiom 
those on the othei side In making an obscivation with this insliumcnt, which appeals moie 
complex than it leally is, the leadei may now conceive, that, when tlie clamp of the index has 
seized one of the two moveable cuclcs, and earned it to the stop on the light, whoc il is de 
posited and clamped fast, and has then taken up the otlici, and biought it back the same dis 
tance to the left, before it is deposited in its turn, which two allcinate motions complete two 
crossed obseivations, one to the light, and the othei to the left, thoveinieis have dcpaitcd 
fiom then oiigmal situations, as they legaid a given point on the divided contiguous cncles, 
just as many degiees as aic equal to two ciosscd obseivations, oi foui single nnguhu distances; 
foi the veimeis moved fiom the oiiginal point, which wc will suppose to have been zcio, one 
half, and again zeio of the divided ciiclc moved fiom the veimci, by a contiaiy motion, the 
othei half. 

7 The mmutise, attending the taking of a senes of ciosscd obseivations, may bo thus 
moie fully explained, in the fiisi place slide the stops to the icpiited angle to be measmed, 
which we will suppose to be as lead on the undei side ol tiio fixed ciiclo C, and fix them 
theie, one at each side of then lespectivo zciocs, let the index foi the picscnt lomain at the 
point of paiallolism, which wc have said is between the two zoioca, on the infoiioi suiface oi 
the fixed ciicle, in the next place aiiango the two moveable cncles so that vcinici A of the 
ciicle JB may be beyond the ncaicst stop, and may have its zcio comcidcnf with zcio of the 
Glide D, divided into 360 ®, in which situation fix the two clamps, e and J, of' the index, and 
cany it with a quick motion lo touch the slop on the light, and having fixed it by the level c, 
complete the contact by the langent-scievv of slow motion, and the mstiumcnt AVill then be iii 
a state oirecitfication (piovidcd tlio glasses aie tudy placed) foi commencing a senes of ciossed 
obseivations foi, as the clamps, e andy, wcic belli made fast, while the index was at the point 
of paiallelism, when it moved to the light, it biought both the moveable cuclcs along with il, 
without altenng the lespectivo positions of voimci A and of zeio of the ciiclc /), The index 
has fiist to move fiom iiglit lo left, as seen in the figiiic, theicfoic the clamps, d and e, must 
be both loose, and also tliat of the lover c, and the clamps J' and £ fast, but J is a clamp ol' 
the vermei circle-E, andg one of D, the giaduated cuclc; theiefoie when the index moves 
the whole space of a ciosscd obscivation to the slop on the left, it leaves the giadnalcd cncle 
D fast behind, and takes the vcimeis along with it Suppose the second contact to be com¬ 
pleted by the tangent-scicw again as bcfoio, then the voiniei will icad ofl'lOO”, moic or less, 
the amount of tlie ciossed obscivation, but the whole cncle is divided into only SGO”, instead 
of 7520 °, as Boula’s is; the obsoivcd angle may consequently, though a ciosscd obscivation, be 
considcied as the simple angulai distance taken as the mean of two successive angulai distances, 
if theie had been 720° in the ciicle, agieeably to the divisions on a Hadley’s sextant, iiut it is 
not necessaiy to icad off yet Change now the state of all the clamps, by fastening d and c, 
and loosening/ and g, and cany the index back again to the stop on the light dimiig tins 
motion of the index the verniers, being fixed by d, will lemain behind, and (he giadimtcd 
cncle D, being clamped lo the index by e, will now in its turn move along with it the exact 
space of the second ciossed obseivation, and the veiniei A will icad off 200% moic oi less, 
winch IS four tunes the angle lequued to be measmed. This quadiuplc angle has been ob» 
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tamed by two ciossed obseivations, made alternately to the left and to the nght, without any 
useless motion of the index, winch lesult, at tins stage of the senes of ciossed obseivations, 
explains the icason why the instunnent is called not only a leflccting, but also a doubly-miiUi- 
plying ciiclc, foi we have seen that it doubles the simple angle leqmied to be measmed, at 
each ciossed obseivation, talvcn both backwaids and foiwaids any numbci of tunes The 
(juaduiplc angle howcvci is icad off, as being only double, by leason, as we have befoie seen, 
of the ciiclo being divided into 360 ° only instead of 720°, winch icflectiou loquiics. This pio- 
cess of altcinatcly fixing and icleasmg the two pans of clamps, and of moving the index as 
many tunes alteinately backwaids and foiwaids between the stops, and ending with as many 
exact contacts, by the help of the tangent seiow, will give a final lesull as lead by the vcinici 
Ay which, divided by the nuinbei of tiossed obseivations, exclusive of tlie angle of piimaiy 
iecUfication, will give, as a quotient, the Uuo distance sought, which distance will be the moie 
acciuate the gieatei the iiumboi of ciossed obseivations Should the second voiniei B be 
also lead off, the mean of tho two icsulls will be still moie acemato, inasmuch as not only 
the inoquahUcs of simple division will be paitly collected, but also the excentiicity of the 
ciiclc, il llieic should happen to be any As the inleival occupied m taking a senes of ob¬ 
servations with this insluimcnt is much ablncviated, it may in many cases, whcio an expert 
obseivci IS engaged, be sufficient foi bun to note the limes of the first and hist contacts only j 
though it will always be the safest plan to rccoul the exact time of each contact. 

8 —Piofcssoi Ilasslei, of Philadelphia, lepnblishcd his Papeis on vaiious Sub¬ 

jects connected with the Suivcy of the Coast of tho United States," exli acted from the Ame- 
iican Philosophical TiansacUoiis (Vol. II. New Seiies), in the year 18 ^ 4 ', with a copy of which 
we have been favoiued. llcfoic this authoi came to L,ondon fo obtain piopei instalments foi 
completing bis undeilaking, he had piopaicd diffoicnt plans of a lepeating and reflecting circle, 
which he submitted to Mi. Tiougliton, who midoitook to constiuct an insliumonL that should 
picscivc tho inveiitoi's pimciplc of a levolving ciicle and two pans ol opposite veinieis, one 
pan fixed, and the othci pan moveable, but with such alterations of the fiarac woik, as would 
tcndci the insluimcnt both lightei and inoic fiun. At tho same time Mr. Tioughtoii explained 
to his Amciicaii ft lend tlio ideas of Mendoza, whose instiument was supposed to have failed of 
complete success, by reason of t!ie mimoioiis clamps and moving citclcs, loquuing to be 
clamped and iinclampcd aflci a conUiclluid been finished. In the foimation of this new in- 
stuunent Mi. Tionghton effected an union of the icpcating punciplc, on Ila&slei’s plan, with 
the consUiiction ofhis own leflectiiig ciiclc, which we have not yetdesenbed. Tho giaduated 
ciicnlai boidci is made moveable lound the ccntic of the ftamo woik, which holds a pan of 
opposite veimci8 fixed to it j and a bai, foiming a diameter of the cuclc, caiues lound the 
same centie, cithci jointly oi scpaiatcly, above the plane of the cuclc, a second pair of oppo¬ 
site vcinieis, that icad with the moveable circle and may be clamped to it, oi leleased fiom it, 
atpleasuic. The axis of this diainelucal bai has a Jong beaiing m the ccntie woik, and caiiies 
the index glass at its lowei end, beyond the back ftame. A giaduated semicaclc lying undei 
the boulci, connects the opposite ends of the two fixed vcinieis of the ftame woik, to leceive 
a pan of sliding pieces of biass, that act as slops to the indices, when they are piopcily placed 
at thoiough angle to be measmed, by a pievious opciation, to the light and left of the flying 
cuclc’s zoio, so that when yielding slips of metal, attached to the veimei bais, come in con¬ 
tact with these stops, it is known, even in the daik, that the place, wheie a contact is to be 
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made, is neaily asceitained 5 and the veimei bai may then be fixed, foi the scicw of slow mo¬ 
tion to finish the contact. The double fuune, position of the telescope and glasses, and adapt- 
atioh of the handles, aie so neaily the same as those lepi'csented in figuic G, not yet explained, 
that It IS minecessaiy to give any additional figiuc, toi lepiescnting the shape and lelalivc situa¬ 
tion of these pnits, which constitute the body of the insti uinent 

9. The pimciple on which the ineasiu einent is effected is this the ievolving veiniois 
mdve foiwaidfiom zeio of the giaduatcd ciicle, when the stops aie picvionsly set to the lougli 
angle, till the index oi vciniei bai touches the stop to the left, when tlie giaduated face is 
iippeimost, and IS theie clamped to the fixed veinieis, when the tangcnt-sciew completes the 
lequned contact. The two levolving voinieis might now give the angle, by two loadings, but 
the repeating pnnciple'has not yet been intioducod, and consequently no advantage is yet de¬ 
rived from this fiist obscivation, ovei a common ciiclc with a double vei niei, the fixed vci niois 
lUe in the next place undamped, but as they have no motion, the flying ciiolc and 1 evolving 
voinieis are bioiight back to the nght, in a state ol‘union, acioss the point zeio, till the vcinicr 
bai touches the second stop; dming this motion the 1 evolving vcrnieis have moved back- 
waids just double theiougli distance with the attached ciiclc, that they did fbiwaids without 
it, consequently the fixedveinicis will nowiead tlie same angle at the light hand of zoio, that 
the revolving veinicis did on the left, when the clamping must be again made, and the contact 
completed , but still this is only a second mode of leading a single measinc of tlic angle, and 
neaily all that is yet gamed in accuiacy, is the cxtciminalion of the index ciroi and of the 
eiror occasioned by the daik glass, if used These two measures, if separately load, aie equi¬ 
valent toBoicla’s Classed obseivation, because the index bin in both cases crossed the zero 
point. It is heie piesiiined that the two objects aie equally luminous} but if not, it will be 
necesaaiy to invcit the face of the instuimenl befoie each second, fouiTh, sixth, &c. contact, 
and then the motions will all become foiward from right to left:, which otherwise would luve 
been alteinate the second leading may Iiowevei be omitted, and the icvolviug voinieis, being 
undamped, must be moved again to the fust stop 111 the oiiginal position of the insti'umonl, 
wlieic, tlie contact being complete, the veinieis would give each a double measuie if examined} 
but the readings aie not yet nocessaiy} the fixed voinieis aie in the next place uuclampod, 
the mstiument again inverted, and the contact again completed, when those vei niers, ff' exa¬ 
mined, would also give double moasuics. and thus treble and quadiuplc moasuics must be ob¬ 
tained successively, both at the levolving and fixed vorniois, or evon moie, if the cucle has 
not been passed ovei by both pans of veinieis, before the readings arc lequiied to be exarauiod} 
and then the aveiage d all the mcasuics taken by the fixed veinieis, added to an aveiago of 
all the measuies taken by the levolving veiniers, will affoid the means of getting a mean of all 
the measuies that the opeiations have effected. It must howevei bo'iemaiked, that as ihe ho- 
iizon glass and index glass are paiallel to one anotlioi, by constiuction and adjustment, when 
their bats include an angle of just 90 °, the zero of one will bo at 0°, and of the other at 90 ", 
consequently ninety degiecs must be subtracted fiom the sum of the measuies of this pan ot 
veriUeis,'before tlieii 'aveiage is taken otherwise if neithei pan of vetmers commence at zero, 
the two nmnbeis horn which they stait must he respectively deducted befoic then aveiages are 
tifktn, and then it will be of no impoitance at what part Of the flying O11OI0 the opeiations 

begin. The subjoined exemplai will explain the Authoi’s mode of registeiing and reducing 
an ’obseivation 
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10. Fayrer's .—When Fayrei* was icceutly applied to by a naval office!, to coustuict him 
a leflecting circle on Bordaks punciple, with such iinpioveinents as might occm to him, he so 
fai deviated fiom the French msirument, as to lemedy seveial of its imperfections without 
affecting its gcneial structure and mode of opeiatmg. Fig 3 , of our Plate of leflecting cades, 
gives apeispective view of FayiePs instmment, which will not requiic a general dcscuption of 
its vaiious parts, that aie neaily the same as Boula^s, but only its impiovemenW to be pointed 
out, In the first place the up and down piece A is made fast to the long bai cauying the te¬ 
lescope and horizon glass, and uses about two inches perpendiculaily, with the nulled head of 
the aciew, that moves the telescope up and down, at its superior end, conveniently situated for 
adjusting the illumination suitable to the two objects without affecting the patallelism, se¬ 
condly, the telescope has a higher magnifying power than in Borda’a cucle, thndly, a thin bai 
of brass stands paiallel ovei the bar of the horizon glass, and forms with it a light fiame ; one 
end of which additional bai is screwed fast to the up and down piece, and the other end is 
supported by the two arms of a piece ciaiiked below and made fast to the block of the houzon 
glass, the two screws above aie visible over the horizon glass, and a single pillar ascending 
between the index glass and up and down piece gives furthei stieiigth to the fiame fouithly, 
the two sets of daik glasses aie cained by this second bai of the fiame, as cleaily shown in the 
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jfiguie, and never inteicept the incident lays till aftei leflection fiom the index glass; for 
when they aie tuined down, the distance between the two bais allows of then falling in the 
way of the leflectedand dnect lays i cspectivcly, asm the sextant, and when tuined up, they 
aie out of the way; they are inclined a little in opposite diiections fiom a light angle to the 
bai that caiiies them fifthly, the hoiizon flame B has a long hollow axis of motion, descend¬ 
ing thiough the cential stiong conical tube, that lecoives the handle below the back of the in- 
stiumcnt, and the diainctucal bar Cof the index glass, which caiiies a pair of opposite vci- 
nieis, has a long steel axis descending two inches and a quaitei thiough the said bell-metal 
axis of the flame, os fai as into the middle of the wooden handle, that contains a biass tube 
screwing upon the fixed central tube, the bioad flanch of which tube is scicwed to edeh of the 
nine ladial edge-bais, that beai the giaduated limb sixthly, the end of the lowci bai of the 
horizon fiaino, opposed to the single oi thud veinioi, has a plain clamp and thiunb sciow that 
assists m fixing the flame fastm any given position. Lastly, the stiong collar lecciving the 
sciew of the telescope is attached to the iing of the up and down piece by foui scretts oppo 
site each othei, by means of which the line of collimation of the telescope is adjusted pdiailcl 
to the plane of the ciiclc, an adjustment which Doctoi Maskelyne had iccomracnded m one 
of the Nautical Almanacs, and which is known to be light, when the moon, being biought 
into contact with a stai at about 120° distance fiom her, at llio exact centre of the field, will 
show equal citois in the mcasuic at equal distances, to the light and Icll, fiom the coiitial line, 
lying paiallel to the I'ace of the ciicle In all those lespecls it will be allowed, that this 
constiuction is an impiovomcnt on Boida’s oiiginal insUumcnl, being an union of it and of 
Troughton’s circle, in some dcgiec, and that it may be used in picciscly the same manner j 
but still It wants the advantage of aiixiliaiy handles when invei ted, and used in all the oblique 
positions. Flora this account of the sevcial diflbient constructions of llic icflccting and le- 
peatmg cuclo, that wc have had occasion to examine, it is inaiufcsl lliat vaiious othci modifi¬ 
cations of the iiivStiumont might be easily devised, without compiomisiug the lepcatiiig piin- 
ciple. Uhe chief diffcicncc between I-Iassici’s and Fayrci’s constiuctions, foi instance, 
consists in this, that in the foimci the ciiclc moves and a pan ofvcinieis aie fixed, in the 
lattei the veimcis move and the ciiclc is fixed, the flame woik being .i, little diffcient, and 
Hasslei’s having the advantage of Tioiighton’s handles. 




{ LXXXIX TROUGIITON’S REFLECTING CmCLIS [Fi.aii XXVIII] 

1 AFTna Ml. Tioiighton had made sevcial of Boida’s icfloctiiig cades, and found vaiious im¬ 
perfections in the construction, notwithstanding his impiovements, he contrived a cuclo, now 
Mitioduced into the English navy, which is flee flora those unpcifcctions, and gives a lesult at 
one ciossed obsoiyation, that banishes almost all the eiioisof theinstuiment, without the assist¬ 
ance of the lepeatmg punciplc. He had observed in the first place, that the two index bat's of 
Boida’s ciicle turn lound a centre upon bearings equal only to then own thickness, and com 
sequently want that steadiness which is denved from a long axis, to make the telescope and 
glasses leveise m the same plane thiough eveiy pait of the ciicle • secondly, the adjustment of 
the telescope for equalization of the light, being pei formed by two setews alteinately used, 
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agieeably to the indications of thou scales, is very inconvenient, and liable to pioduoe errors, 
by displacing the telescope fiom exact paiallelism with the face of the limb thiidly, the daik 
glasses aie inconveniently placed, and icqiine much tunc to change them foi otheis, when too 
daik or too light for the object observed, fouithly, the want of a handle on the upper side, 
lendeis the observation in the inverted position veiy difficult, and in some positions almost im- 
piacticable fifthly, the necessity of making a pi cvious computation, to determine the points on 
the limb whcie the vernieis must stop, at eveiy stage of the operations, occasions gieat em- 
bauassment to the observer •, tins, indeed, was lemcdied in the English constiuction, by attach¬ 
ing a divided aic to one of the index bars, having two stops, that auosted the veiineis at the 
points of the limb, wheie the object and leflected image weie neaily in poincidcncej so that 
an obseivation might be made m the daik sixthly, the coriection of the eiioi of oxcentiicity 
will not bo poifect with single veimeis, if the icpeated angle be not caiiiccl all round tlie ciicle, 
and, if ciuued much fuithei, the eiioi will legcneiate and lastly, theio is a great waste of 
time nv a long sciiea of obscivalions, as well as tioublo in the leduction , to winch may be 
added, tlut ficqucnt screwing and unscic’wing, togelhei with a multiplicity of contacts for 
gaining one icsult, can haully fail of being piocluctive of enois, To avoid these vaiious incon¬ 
veniences and soui cos of eiror in making an obscivation, the following mstiument was con- 
tiivcd, the constiuction of which, in oin opinion, cannot be too much admiicd, as approaching 
peifcction as near as human ingenuity and woikmanslup can eflbet 

2. Eiguics 4. and 5 of Plate XXVIII exhibit two lepicsontiiUons of Tioughlon’s refleot- 
iiigcjiclc, thefiist shows the divided limb and thieo eqiu-distanl voiniersj on one of which 
aie fixed a clamp and tangcnUciew foi legulating the contacts, and anolliei caities the mng- 
nifiei with Its leflector foi leading the vcinieis, which may be successively applied to all the 
vcinicr bins, the second shows the telescope and all the glasses, as well as the up and down 
piece and handles. In both these flguics the fiamc woik of edge bais is so cleaily seen, as to 
lequiio no paiticulai explanation. Its conneolion with the ciiculai boidci at the iindci side is 
also visible Tins form of the body of the instnuncnt was found by expeiimcnt to icsist the 
picssHie of the weight m every position, and to assiue a coincidence of the body and image of 
the objects to bo obscivcd, at all angles, when held by the dilfeient handles, and fiom tiial of 
many other flgiues was found the only one In the middle of the fiaiuo a hollow ccntic, £?, is 
fixed upwaids of two inches long, having its bioad base, oi flanch, close to the back of the 
flame, in which the axis lovolvcs fiecly. A.t one end of this axis the tuple vciuiei bar is fixed, 
and at the other the index glass, silvcictl as in the sextant, which thciefbio levolvo togethei at 
the contiaiy faces This is the only ccntial motion that the mstiument lias, and the plane of 
the divided limb is gcneiatcdfiom the long hole in which the axis tains, which completely re¬ 
moves the fiisl objection to the Eiencli construction of Boida’s ciiclc. A secondary fiame, b 6, 
IS elected on the back surface of the principal flame, which may be seen in fig. 5 , at the dis- 
tance fiom it of tlie whole depth of the hollow centre, and is suppoitcd by five pillars at equal 
distances fiom one another? both the squaie and round flames of the daik glasses turn on 
lunges, remote enough from the limb to allow of then being tinned, one or all, beyond the se- 
condaiy frame when used, as fai as to face the minor and half silvered boiizon glass j but at 
other tunes to a situation between the two flames, without intenuptmg an obseivation not re- 

quiung then use, so that they maybe immediately tinned up oi down at pleasuie, as in the 
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best sextants. The distance between the frames allows a length of band, c, in which is con* 
tamed the contiivance called the up and down piece, consisting of a squaied hole, and square 
aiboi notched at the fom coineis, and turned by a tapped milled nut, seen iindei the tele¬ 
scope * this squaied axis holds the adjustable ring into which the telescope scicws, parallel to the 
face of the limb, by which means the telescope preserves its parallelism, while its distance fiom 
the limb is vaiied, to adjust the biightness of the direct object and leflected image of the se¬ 
cond object, when compaied togethei, which adjustment is peifoimed while the eye is at the 
telescope thus the second inconvenience is obviated. The handle d, scon in both figiiies, and 
used on the divided side of the instrument, is fixed to the cential stiong tube on the side of 
the glasses, it is attached to a brass tube that is bent ovei tlic edge of tlie ciiclc, and allows 
the index bais to ievolve under it, but as the bent tube coveis the limb at a place wheic a 
vermei may leqiiiie to be lead, it is leadilyiemoved by taking out the fingei sciew that fixes 
it. A secon 4 handle, e, is seen m both figmes, the extieme point of which enteis the cential 
tube as a steady pm, and a fingei sciew, passing tlnough a hole at the junction of two cioss bais, 
sets it fast A thud handle,sciews into the cranked pait of a stiong cock, made fast to the 
frame, and stands on the side of the glasses at light angles to the plane of the limb it will 
also screw into the hole at the thick end of the bent handle d, in both which situations it 
stands in a line with the central axis. This handle is veiy convenient when the lino of posi¬ 
tion, of the objects to be obsoived, is hoiizonlal, oi neaily so, and when applied to tlie side oi‘ 
the glasses, whicli may bo called the lower side, affoids the best suppoil to the instrument 111 
reading the vernieis. Thus this instrument presents to the obscivor a convenient hold foi 
cither hand, in eveiy possible position, and theiefoih removes the fouith, 01 piincipal objection 
to the constiuction of Borda's ciiclc. The fifth objection cannot occm hole, as the voimeis do 
not proceed by steps along the limb, but only move foiwards and bnckwauls ovei the same 
paits of the arc, during a senes of obseivations, os will be explained picscntly; thcio is Uicic- 
foie no need of making a pielimmary computation for asceilaming the length of a step. 

3 The diameter of the ciicle, for the sake of lightness, is only ten inches, and the limb is 
divided into 7^0 spaces, making so many degrees, which aie again subdivided, so that each 
vcrniei may lead 20", which was thought sufficient foi the seaman’s use} but for some obsci- 
vatoiies It has been made on laigei dimensions, to icad at each veinici 10". The zeio of the 
ciicle IS at the point of parallelism of the miuois, and the divisions aie figiucd each way to 
16‘0“, which IS the hugest angle that can be measuicd, or icquued, by this insliumeiit The 
three vernieis aie intended to be a substitute foi tlie repeating pimciplc, and as a crossed ol»- 
ietvaiion is taken, the first opeintion with the divided limb up, and the second with it down, 
thcie aic six leadings on as many diffident parts of the ciicle, at each complete obscivalionj 
three of which aie fiist taken and lead to the light of zcio 5 and then the leinaimng three to 
the left, namely, again to the light with the face inveilcd, so that /, or t",66, is the piobahic 
mean eiroi of the leadings. This property of giving six leadings on diffcieiit paits of the 
giadqated ciicle aftci two contacts, is consideicd to be a piactical compensation foi the icpeat- 
ing pnnciple, foi, as ciicles are now divided by the best engines, the inequality pf the divi¬ 
sions and also the excenliicity aie leduced to veiy small quantities, foi the eriois aiismg fioin 
both these mechanical souiccs, will be neaily annihilated by the number of collimated leadings, 
fndeed the eiiois of ei^centiicity will beentiiely obviated as often as any one of the veiniei bars 
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lies m tlie diiection of the conjugate diametei* of the exccnluc circle, and will be vciy nearly so 
m the othci situations, Another veiy iinpoitant advantage of this application of a ciossed ob- 
seivation is, that all the etiois occasioned by the want of paiallclism in the faces, oi in the po¬ 
sition of the silveicd, and also of the daik glasses, me coiinteiacted by the icvcision of thou 
position, in the second opeiation In this respect the instrument with Lhice equidistant vei- 
niers has gieatly the advantage ovei the lepeating instiumcnt, where an existing eiioi may 
leinain, not only uncoilected, but undetected. The leadings of this ciiclc, ns at picscnt di¬ 
vided and used, divide the minute into smallci poitions than the optical jiait of so small an lu- 
stuiment can appieciate in making the observation, and it seems quite unnecessaiy to attempt 
gieatei accuiacy than the human eye is capable of disciimuiatmg. The inventor has circulaiod 
a punted papoi containing ducclions for observing with his leflccting ciicio, of which the fol¬ 
lowing IS a copy, vu. i 

** Prcpaie the instiumcnt foi obseivation by sciowing the telescope into its place, adjust¬ 
ing the diawei to focus, and the wiios paiallcl to the plane, exactly as you do with a sextant; 
also sot the index foiwauls to the loiigli distance of the sun and moon, oi moon and stai, 
and, holding the cnclo by the shoit handle, diioct the telescope to the fiunlci object, and make 
the contact in the usual way Now icad off the degico, minute, and second, by that buincb 
of the index to which the tangont-snew is attached, also the iniiuite and second shown by 
the othei two branches, these give the distance taken on thico diffeiont sextants j but as yet, 
it IS only to be considered as half an obseivation what icmains to be done is, to complete the 
whole ciiclc, by measuring that angle on the olliei tinec sextants Theicfoic set the index; 
backwaids ncnily to the same distance, and rcvcisc the plane of the mstiuinent, by holding it 
by the opposite handle, and make the contact as above, and icad off as befoie what is shown 
on the thiee sovcial blanches of the index. The fneaii of all six is the appment distance, coi- 
icsponding to ihe mean of the two tunes at winch the obseivalions wcic made. 

“ When the objects arc scon voiy distinctly, so that no doubt whatcvoi icmains about 
the contact in both sights being poifect, the above may safely be lelied on as a complete set, 
but if, fiom the haziness of the air, too much motion, oi any other cause, the observations 
have been lendored doubtful, it will be adviscable to make moie , and if, ,at such limes, so 
many leadings should be deemed tioublesomo, six obseivations and six readings may be con¬ 
ducted in the manner following. Take tluec successive sights foiwaids, exactly as is done 
with a sextant} only take caic to icad them off on diffeicnt blanches of the index also make 
three observations backwaids, using the same caution j a moan of these will bo the distance 
icquiicd. When the numbet of sights taken fonvaids and backwaids aic unequal, a mean be¬ 
tween the moans of these taken backwaids, and those taken forwaids, will bo the correct angle 

“ It need luudly be mentioned, that the shades, oi daik glasses, apply, like those of n sex 
tant, for making the objects nearly of the same biiglitness; but it must be insisted on, that 
the telescope should on evciy occasion be laised oi loweied by its pioper sciew, foi making 
them peifectly so. 

The foiegoing instiucUons foi taking dist.anccs apply equally for t.ddng altitudos by 
the sea oi aitificial houzon, they being no raoic than distances taken in a vcitical plane Mo- 
udian altitudes cannot, liowevet, bo taken both b.ickwai ds and foi wards the same day, bcc.uusD 
theic IS not tunc * all, theiofoie, that can be done is, to obseive the altitude one syay, and use 
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the inclex-eiioi} but even heie, you have a mean of that altitude, and this eiioi, taken on 
thiee diifeient sextants. Both at sea and land wheie the obseivei is stationaiy, the moiidian 
altitude should be obscived foiwaids one day, and backwaids the next, and so on alteinately 
fiom day to day 5 the mean of the latitudes, deduced seveially fiom such observations, will be 
the tiue latitude j but in these theie should be no application of index-enot, foi that being 
constant, the lesult would in some measuie bo vitiated thereby 

“ When both theieflccted and diicct images require to be darkened, as is the case when 
the sun’s diameter is measured, and when Ins altitude is taken with an ai tificial horizon, the 
attached daik glasses ought not to be used * instead of them, those which apply to the eye-end 
of the telescope will answer much better, the foimei having thou eiiois magnified by the 
power of the telescope, will, in piopoition to this powei, and those eiiors, be less distinct than 
the lattci, 

“ In taking distances, when the position does not vary from the vcitical above thiity or 
forty degiees, the handles which aie attached to the cucle arc generally most conveniently 
used j but in those which incline moie to the houzontal, that handle which sciews into a cock 
on one side, and into the crooked handle on the othei, will bo found raoic applicable. 

“ Wlien the crooked handle happens to be m the way of leading one of the blanches of 
the index, it must be lomovcd for the time, by taking out the finger-scicw, which fastens it to 
the body of the cucle 

*' If it should happen that two of the readings agicc with each othei veiy well, and the 
thud diffeis from them, the discoidant one must not on any account be omitted, but a fair 
mean must always be taken 

** It should be stated that when the angle is about ihiity dogices, ncithei a distance of 
the sun and moon, nor an altitude of the sun with the sea hoiizon, can be taken backwaids, 
because the dark glasses at that angle pievent the reflected lays of light fiom falling on the 
index-glass, whence it becomes neccssaiy, when the angle to bo taken is quite unknown, to 
obseive forwaids first, wheie the whole lange is without intemiption, wheieas, in that back- 
wauls, you will lose sight of the icflected image about that angle. But in such distances 
wheie the sun is out of the question, and wlicn his altitude is taken with, an aitificial horizon 
(the shade being applied to the end of the telescope) that angle may be measured nearly as 
well as any othci, foi the lays incident on the index-glass will pass thiough the transparent 
half of the hoiizon-glass, without much diminution of their brightness. 

The advantages of this instiument, when compaicd with the sextant, arc chiefly these: 
The observations for finding the index enoi aie rendeied useless, all knowledge of that being 
put out of the question, by obseiving both forwaids and backwaids. By the same means the 
euors of the dark glasses aie also collected, for, if they inciease the angle one way, they 
must dimmish it the other way by the same quantity. This mode also pei fectly collects the enors 
of the hoiizon-glass, and those of the index-glass veiy nearly. But what is still of more con« 
sequence, the eiroi of the centre is pcifectly conected, by leading the thiee branched of the 
index j' while this piopeity, combined with that of obseiving both ways, piobably reduces the 
errois of dividing to onc-sixth pait of then simple value. Moieovci, angles may be measuicd 
as fai as one hundred and fifty dcgi ees, consequently tlie sun’s double altitude may bo observed 
when his distance from the zenith is not less than fifteen degiees j at which altitude, the head 
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of the obsetver begins lo inteicept the lays of liglit incident on the artificial hoiizon j ancl> of 
couise, if a gieatei angle could be measinccl it would be of no use in this lespcct. 

“ This instrument, in common with the sextant, lequires thiee adjustments. Fust, the 
index-glass must bo perpendicuki to the plane of the cade; this being done by the maker, and 
not liable to altei, has no diiect means applied to the pin pose; it is known to be light, when, by 
looking into the index-glass, you see that part of the limb which is next you leflccted in con¬ 
tact with the opposite side of the limb, as one continued aio of a circle . on the contiary, 
when the arc appeals bioken, whcic the icflected and diiect parts of the limb meet, it is a 
proof that it wants to' he lecUfied’ The second is, to make the horizon-glass peipendiculai. 
This ’IS perfoimed by a capslan-sciew, at the lower end of’the franOe of that glass j and is 
known to be light, when, by a sweep with the index, the reflected imago of any object will 
pass exactly over, oi covei the image of that object seen diiectly. The third adjustment is fbi 
making the line of collimation pauillel to the plane of the ciicle. This is pcifoinaed by two 
sihall sciews, which also fasten the collar into which the telescope sciews, to the upiight stein 
on which It 13 mounted' .this is known to bo light, when the sun and moon, having a distance 
of one hundicd and Unity degiccs, oi more, are brought lulo contact, just at the outside of 
that wue which is next to the cucle, and then moved acioss to tho outside of the olhci wire; 
the contact being the Siuno in'both positions is the pi oof of adjustment.” 

4 ,' When this circle is used with a leflecUug hoiizon, a tiipod stand is found very conve¬ 
nient foi holding it iii'any icquired position, when the bont handle is taken off, and the maker 
usually packs'one m a separate small box, containing also a wooden bottle of pme mcicury, 
and an oblong wooden vessel foi iccciving the moicmy, when substituted for an hoiizoii, with 
a glass loof to piotcct it fiom the wind. The liipod is composed of Llnoe legs, canymg a 
voitical tube of brass screwed fast to it, which has an houvontal axis siuinountcd ovci it, in a 
flame that has an azimuthal motion, so that the two motions form an univcisal joint, that ad- 
mits of the attached ciiclc having its plane put into any position, horizontal, vcitical, oi ob¬ 
lique, m which it is susUuucd by a pan of counteipoising weights, on levcis made fast to the 
ends of tho lionzontal axis, by thumb-sciews tliut inciease the fncUon at the pivots. In using 
tins tiipod foi taking an altitude, the vessel of meicury is placed in front of it, at such a 
height and at such a dtslance, on a film pillai, stand, oi thiec-leggod table, that the oyc of the 
obscivcr may compand the leflcctcd image, by looking in the diicction that the small telescope 
will loquiie to be pointed, when the tiipod has taken its place also on a film suppoit, then, 
the daik glass of tho oyc-piecc being put on, tho image of the sun, if that be the object to be 
observed, as leflccted fiom the meiciuy, must bo biopglit into the field of view, bydepro&sing 
the telescope by a handle, and using the two motions of the univcisal joint, when the' plane of 
the circle is neaily veitical by estimation , by a little piacticc the telescope is easily adjusted 
to keep the image in view, which will be at fust tiemulous, but will soon become steady when 
the meicuiy has settled and remains undisturbed. When this picpaiation is gone thiougli, the 
index must be tinned fiom paiallelisra, till its miiror facing the sun, by being leclmed, brings 
his image down to the meremy, which may be done by fust moving the leading veiniei tluough 
double the computed lough angle, and then, if the plane of the ciicle is veitical, a motion in 
azimuth, and anotbei m altitude by the sciew of slow motion, will complete tho contact, at 



TROUGIITON’S REFLECTING CIRCLE 


592 

which instant the tune must be noted by a clock oi watch well legulated, winch may be done to 
a second, when the object is at a distance fiom the incudlan; but when the greatest or nneii* 
dian altitude only is wanted foi giving the latitude, the time is of no importance. The conti¬ 
nuance in contact foi a minute oi two, without ovei-lapping or sepaialion of the two images, 
will be a pi oof that the greatest altitude has been obtained. When a single obseiva- 
tion is taken out of the raeiidian, it is usually to determine time 5 which may be also still 
bettei done, in a stationaiy situation, by coiiespondmg observations at opposite sides of 
the meiidian, m the foim of equal altitudes, but if two obseivations of the altitude be 
taken on the same side of the meridian, by knowing the liiqe elapsed between them, the lati¬ 
tude may be deteimined by reducing the observations to the meiidianby the nautical methods. 
When a body, having a sensible diametei, has a contact of the hoidcis of its images made, 
those which fiist come in contact will lequiie a semi-diameler to be subti acted fiom the single 
angle, as being that of the upper limb , but when they aie made to cioss one another befoie con¬ 
tact, it is the lower limb, when the telescope inveits, and the semi-diamcter must then be added, 
but m all cases of doubt, the two images may be biought to coincide, by using both the tan- 
gent-sciew of the veimei and the thud foot-screw, which siiould stand at a light angle 
Avith the line of vision, these sciews may be used eithci successively 01 at the same time, 
while the beats of the time-piece or clock aie counted, which they should always be at the con¬ 
clusion of the contact. Otheiwisc dark glasses of diffeicnt colouis may bo used witli the sun, 
which will distinguish the imago leflected by the meicuiy, flora that leflected twice 111 succes¬ 
sion from the miriois. When the lowei limb foims the contact, tho images will begin to over¬ 
lap when noon is past, but when the upper limb is the one in contact, they begin to separate 
aftei the highest altitude, which appeaiance 13 peiliaps the best critcuon, and will also show 
within a minute, or two at the most, the time of noon, when the telescope magnifies con¬ 
siderably and inveits the object, which we hcie suppose it to do. Examples of the use of this 
insti uraent will be given 111 the two following Sections. 
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and 


" UDDer Hmh “ 1ml T Paraph after it was printed, we And that by iimdvortouco the words « aubtiiiotcd ” 

cvG-lcns or a plain tube Is ii»T/^ substituted for « added" and «lower limb," and the contrary when a concave 

It a^parcntlylcends «yo-pwtc is appUed, 
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§ XC TO DETERMINE THE LATITUDE OF A PLACE FROM OBSERVATION 

1 , The ierrestiial latitude of any station is its distance, in geogiaphical degiees and paits of a 
degiee, fiom the equatoi, which distance, being consideicd parallel to a coiiesponding aic in 
tlie heavens, is assumed to be equal to a celestial arc extending flora the zenith of the station 
to the celestial equator or equinoctial line' any obscivation theiefoio of a heavenly body, which 
will affoid data for dcteimining this aic, will be competent to determine the latitude lequired. 
The natuie of the observation will in general depend on the properties and powers of the in- 
stiument made use of, and on the opportunity of using that instiuraent with advantage. In an 
obseivatoiy supplied with fixed instiuraents, mciidian altitudes or zenith distances of the sun, 
01, what IS bettci, of a known star, affoid the readiest as well as the most coiiect means of de¬ 
ducing the latitude, by diiect measurement of the aic in question, oi of i 1 s complement; but at 
sea, wheie tlicie is a natuial hoiizon, an instiument that incasuios by leflection, and that is 
also of a poi tabic consti action, such as the sextant and' leflectmg circle, is the only species that 
can bo employed with success When the celestial equator and observed object aie on the 
same side of the zenith, the measincd arc denoted by the zenith distance, when corrected foi 
icfiactioii, and foi parallax if necessary, db the decimation, accoulmgly as it is noith or south, 
will give the latitude, oi aic contained between the zemth point and celestial equator, or, 
which is the same thing m olhci teims, the obsoivcd altitude, propeily collected, by changing 
the signs of the declination, will give the co-latitude this may bo called the solai method, as 
being applicable in all cases, both by land and sea, when tins luminary is observed. It is how¬ 
ever equally applicable to obscivations of stars that do not pass beyond the zenith, towards the 
elevated polo, provided then declinations be known. 

S, The second method of dcleumning the latitude by obscivation is, by means of a known 
star passing the meudian between the zenith and elevated pole, in this case we have the lati¬ 
tude = the declination — the meridian zenith distance} oi =: the altitude — the pohu distance 
(co-dcchnation) . but when the star is observed in passing the meridian below the pole, the co¬ 
latitude = the zenith distance — the polai distance j oi = the altitude -t- the polar distance. 
And thiidly, when a circumpolar star is obscived on the raciidian botli above and below the 
pole, at .in inieival of twelve sidei eal hours, half the sum of the two altitudes, lespectively col¬ 
lected for icfiaction, will be the latitude, without lefoicnce to the declination, which ciiculn- 
stance lenders this an independent method, except so fiii as icfiaction is concerned, and may 
be lehed on in an obscivatory. If these direct methods be lepeated with different stars, and 
give the same result, when corapaied togethci, it may bo saiely concluded, that the instrdment 
18 good, and that the latitude is coriectly deduced. When the Stai is obscived accoidmg to 
any of these methods, at a shoit distance from the moiidian, eithci before or after, as well as 
on the mcnclun, for the extermination of eiiois, the additional obseivations must of coiuse be 
leduced to the mendian, by the propei tables, before a moan is taken for the tine moiidian 
obseivation. All these direct methods aie founded on the consideiation, that the aic con 
tamed between the pole and nearest hoiizon is equal to the aic extending fiom the zenith to 
the celestial equator, which aie each equal to the latitude of the plabe; and that therefore the 

VOL. H. ^ ® 
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aics fiom the pole to the zenith, and fioin the oquatoi to the othei hoiizon, aie each equal to 
the co-latitude liehce it becomes a mattei of indiifeicncc, as to accuiacy, ’which of those 
foul ai C8 bo determined by obsei vation 5 foi any one of the four may be measui ed, that may bo 
found most convenient to be obscived. 

3 There aic moievev othei methods of asceitaining the latitude of a place, which aie eithei 

difteiential 01 indiiect, hut which uiidei ceitain ciicumstances may be icsoiled to, as substi¬ 
tutes foi those that aie direct, fiist, when the latitude of one station has been well detei mined, 
the latitude of anothei within sight may he infeiied by a tiigonomeliical opeiation secondly, 
the pole star may be observed at any point of its diiunal aic, and may be icduced to the me- 
iidian by some one of the tables we have given in oui fiist volume foi this pin pose tliiidly, 
when the hoiary angle of a stai is known, a single obseivation of its zenith distance, taken out 
of the meridian, will enable the obseivei to compute the co-latitudc fiom oui foimula I7, given 
in page 459, o( this volume; and when the exact time and line of the meiiduvn aic not pic- 
viously known, the lioiu angle maybe obtained fiom equal cii cum mciidian altitudes, by taking 
one half of the inteival fouithly, the title latitude, as well as the hoiaiy angle, may be com¬ 
puted fiom two obseived altitudes and the inteival of time elapsed, piovulcd the latitude be 
neatly known fifthly, the latitude may be dcteimined fiom obseiviiig the aic contained 
between two known stais, when they have the same azimuth, 01 veitical position. But with 
resp<^ct to the fouith and fifth induect methods, we must icfcr foi the foimcr to the dificient 
autliois who have published lioiary tables 01 icgular treatises on navigation; and foi the latter, 
to Di 0 Gicgoty’s Elements of Flam md Sphettcal Ti igonometty (pp. 172—174.) Lastly, 
the latitude may be computed fiom the sideical inteival of a known star’s passage, fiom the 
eastern to the westcin piime veitical, as observed by an altitude and azimuth ciiclc; 01 by a 
portable transit-instiuracnt, with its axis placed exactly north and south, instead of oast and 
west, but pcifectly level. The obsei vation depends solely on the optical pait of the instmment, 
and ■when the star passes the meridian not fai fiom the zenith, and has its appaicnl declination 
well ascei tamed, the method is capable of as much accuiacy as any other that gives the mca- 
suie of an aic fiom an obseivation of tune. The following foimula, wliicli is veiy simple, will 
give the latitude, viz cot 7 / = cot J . cos | whcie l^t~ t') denotes the tuio sideteal 111- 

teival, and 5 the appaient declination of the stai This mode, first suggested m Schumachers 
N<ichrichkny icquiics picvious picpaiation, and gieat caio in placing and adjusting the iiistiii- 
roent, foi making the observation but when it is once adjusted, distant raaiks to the east and 
west might be fixed, to facilitate a renewal of the same position 

4 Aftei the examples which we have aheady given on this subject, to illustiate the use of 
the vauous instiuments wc have dcscubed, it will be sufficient to add licio an example, to ex¬ 
plain tiic application of a double altitude taken by reflection fiom meicury, by Tioughton’s 
reflecting cuclc, above lefeired to. 

Example .—-The double altitude of the sun’s upper limb was obseived, at a station neai 
London, by moans of reflection from mcicuiy, on the noon of Seplembei 19,1828, with the 
face looking towaids the west; and on the next noon the lowei limb was observed with the 
face tqwards the east, at which times the baiometer and thermometei w'ere noted; these ob- 
seivations afford data foi the following opeiations, to determine the latitude; viz. 
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Fiom the mean of these two obsoivations, the losulting latitude is 51“ 31' 7"*78, with an index 
euoi of 21)'',06 5 anti voiy ncaily the same icsult would have been obtained, if the senii-dia- 
motcis of both days had been omitted, since the opposite limbs woic obseived . also cithci of 
the two obseivatioiis would have given tlid same latitude, if the index ciroi had been previous¬ 
ly taken, and applied with a negative sign on the 19th, and a positive one on the 20th j winch 
euor would have appealed on pioviously ineasuiing the sun’s diamotei befoio and behind 
zeio. The tiipod stand was placed on a pier, and sustained the cncle in both these obseiva¬ 
tioiis, which lendeied them peifectly easy, when both of the images had been biouglit into the 
field of the telescope, eithci by picvious compulation of the double angle, oi by the plain tube 
without compulation • the daik glass was in both instances applied at the eye-end of the tele¬ 
scope. On the 19lh it was known that the nppei limb was obscivcd, because the two limbs 
oveilapped befoic the contact was made perfect, and icceded aftei j but on the 20th the ap- 
peaiancc was just the contrary, which shewed that the lowei limb was then obseived. In 
cases of doubt, tins critcnon will prove, by waiting fom oi five minutes aftei the contact, 
which of the limbs should be considered in contact, at the moment of completing the obseivip 
tion. When an altitude is taken at sea, by oithei a duect oi inveiting eye-piece, or by a plain 
tube, to limit the line of sight paiallel to the piano of the graduated face, the towei hmb of the 
sun’s image is usually biought down to the maiinc hoiiZon, by moving both the index and 
body foiwaids togethci, with the image m the field of the telescope, till the contact is coriect, 
and then a collection for the dtj) of the hoiizon depending on the hoiglit of the eye fiom the 
sea’s suiface, must be included with the collections foi icfiaction, pauillax, and semi-diaracter, 
the angle thus nautically measuicd, is at once the single angle lequued. The accuiacy will 
mainly depend on the clear delineation of the hoiizon used, which will always be concealed 
when the body obseived is suriounded by clouds that descend with that body. The varying 

state of the atmosphere near the horizon will, howevei, gieatly affect thetabulai coircction 

4 < G 2 
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foi the clip, and lendei the obseivahon less conect than when a reflecting hoiizon gives a 

double altitude* When a natuial hoiizon is used for tahing altitudes, the single angle must 
be collected foi the index eiior, befoic the refraction is applied, but when an aitificial 
houzoii IS substituted, the double angle must be the one so concctcd, before one half of it is 
taken foi the single ineasiue. When the inveiting telescope is used, the hmb of the sun or 
moon that appeals the lower, must always be consideied as the uppei, m making the contact 
by eithci of the two methods of ohseiviiig* It may be fuithci lemaiked, that when two 
images aie biought into contact, one of them twice leflected fiom the glasses of the instm-^ 
ment, and the other once only fiom the honzoiital leflectoi, the double angle moasmed is that 
which IS contained between the uppei limb of one and the lowei limb of the othci, and thcie- 
foie tlie wiiole dwmetei of the body observed might be applied with its piopci sign to the 
double angle, as a leduction to the centic , hut it is bettei to apply the somi-diametei to the 
single angle, when ooriected foi lefi action 


§ XCI TO DETERMINE TUE TIME BY MEANS OF AN OBSERVATION OF A HEAVENLY 

BODY TAKEN AT A DISTANCE FROM THE MERIDIAN 


J* We have alieady explained how the exact time, either solar oi sidcical, may be asceitained 
m an obseivatory, by means of a tiansit instiument, oi other instiumcnt that is capable of mea- 
suung equal circum*mcudian altitudes j but occasions ficquently occui, both at sea and on the 
land, wheie such instuimonts cannot be used, oi aic not at hand, the altitude of the sun, oi of 
a known star, may notwitlistanding be conveniently taken, by a sextant oi icflectmg cucle, 
with consxdeiable acctuacy, from which the time, at the moment of obscivation, maybe de¬ 
duced by computation* The pioblcm is that m which the tiuce sides of a sphoucal tuangle 
aie given, to find an angle opposite one of them j the usual mode of solving which is given m 
all the elemeniaiy books of spheucal tugonometiy, and of navigation * it is necessaiy howcvei 
that the latitude of the place of obsoivation should bo known, and also the declination of the 
object obseived, as well as its altitude , for the complements of these thiec aics constitftte the 
sides of the given tuangle, of winch the angle at the polo, subtended by the zenith distance, is 
lequued to he found The process of computation by the common method is long, and pei- 
plcxnig to those who do not undeistand all the steps, icfeued to the punciplc, as they pio- 
ceecl, and theiefoie wo will continue oui plan of computing fiom foimuIa 3 , that icqnue not 
the aid of didactic uiles, and that shoiten the logaiithmic calculus. On reverting to page 459 
of oxu piesent volume, winch contains a seues of foimuleo lolatmg to the tuangle in question, 
our leadeib will find, that No* 1 is applicable to oui piesent puipose, wheic ^ A X arc given, 
to find h, hoiu angle, which formula has been exemplified in page 463, in the case of 
Aqmlm, obseived out of the meridian, on the 20th of May, 1828. Wo shall thcieforc add 
an example in which the sun is the object observed by xeflection fiom a protected vessel of 
meicury, similar to the one lepresented by fig. 4 of Plate XXIX, 

2, —At 9^’ 28”^ 45^ a,m. moan tune, by a Hardy^s chionometer, on September 20, 
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1828, in latitude 51® 31' 8" N., the double altitude of the sun’s centre was found, by a Trough- 
ton's leflecting cucle, =62° 16' 46".66, oi the single angle =31° 8' 23''.S3, fiotn a mean of the 
thiee veinieis, when the two images weie rendered coincident, to avoid an allowance for the 
semi-diaraeter, and when the inde"? ciior was nothing} the correction foi refraction was 
1' 33''.6, due to the zenith distance 58° 52', with the baiometei at SO ,0, and theimometei at 
64°, also the paiallax was taken fiom the piopei table at 6".7i so that the tiuc altitude was 
31° G' 56".48, making the zenith distance = 58° 53' 3".57; while tlie co latitude was 38° 28' 52", 
and the sun’s polai distance (A) 88° 56' 45", agreeably to the Nautical Almanac, when allow¬ 
ance was made foi the time befoie noon: accoiding to these data, and subjoined foimula, the 
operation will stand thus, viz. 


Poimula, (ang 


sm ^ (4! + A—X), Sin ^ (5! + ^ —A), 

... 1 I I . I ■ I I ■ ■■ I I ■ III ^ I 

sin (z + A + ?'■). Sin ^ (A + X —• « 
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Subtract 9 *7^)^9935 

_ ‘m\ I 
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'langA/i=18° 4' 82" 


^=9 .513719 


Multiply by 2 

I ■ I I . ■■■ ■ ■■ ■■■ ! 

App. /t =86 9 4 

= 2" 24*“ SG ’.8 
Equation + 6 39 .7 

1 I ■ N l l "! ■* I p i I I I ■ ■ 

Mean /i = 2 31 1C 


... 9 " 28” 44 * stime by the observation. 
9 28 45 =timc by the chronometer. 
Or, in astronomical language, 

Sept. 19 , 21" 28” 44*=time by obseivation. 


Ml. Maddy, in his Elements (if Plane Astronomy, (Cambridge, 1826,) has given aft equivalent 
foimula, consisting of sines only, m a still more convenient 'form, thus. 


Sin i A=v/ 


sin ^ (^ 4 A—.-X). 

Sm X 


Sin ^ (g + ^—A). 

Sm A, 
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According to this foimula the woik will stand as follows, viz. 


Sm i (z + A-X) 54.* 4-0' 28".3 . 
Sin ^ (z + X—A) 4. 85,3 . 

Sm X 38“ 28' 52" log 9.793969 \ 
SmA 88 56 4-5 9.999926) 


. . log 9.911626 
. . 8.86574(8 

■-- L-l II I ■ 11 I . . ■ 

Sum 8 . 777374 . 
Sura sub. 9 798895 


2) 8 .983479 


Sm i A = 

18* 

4 / 

32 ...... 

Multiply by 

P 
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36 

9 

4 . 


: 2" 

24.”' 

36‘.8 app. h. 

Equation 

-h 

6 

89.7 


2 

31 

16 =mean h, as befoi e. 


v/= 9 .491739 


3. When a stai is the object obseived, the hoiaiy angle, h, is that arc of the equator 
which IS inteiccpted between the stai’s veitical and plane of the menduin, and may he cither 
to the east 01 west of the raeiidian, it may be denominated, eithei by hoius, mnuites, and se¬ 
conds of sideical time, 01 by degiees, minutes, and seconds of aic, at the late of 15* to each 
houi, and this angle added to or subtiactcd Aom the stai's known light ascension, or sideieal 
time of its meridian passage, accordingly as it lies to the west 01 east of the moiidian, will give 
the sideieal time of the obseivation, a sideical day being mcasuied by the earth’s absolute 10 
tationiound its axis. This tune, so fai as we know, is equable, and is that asti ononiical time, of 
which the light ascension of a stai 01 othei heavenly body consists, when counted fioin the 
true vernal equinox, as a zeio When, theiefoic, wc want to ascertain the apparent solar time, 
flora a stellar obseivation, we must have legaid to the distance fiom the stai to the sun’s 
centie, winch is obtained fiom a compaiison of theii appaient light ascensions, at the moment 
of the obseivation, to which distance, 01 diffeiencc, must be applied the letaidation of solai 
compared with sideieal time, and also the equation of time taken fiom the preceding noon, 
given by the Nautical Almanac, as diiectcd at pages 333 and 334 of oui iiist volume, m the 
woik of which example there is an eiioi, in taking out the tabular quantities (pointed out m 
the eiiata), but which fortunately does not affect the method of woiking. Poibaps it may not 
appeal supeifluous to some of oui readeis, if we lemark heic, that the equation of time is a coin- 
pound quantity, depending paitly on the cxcentucity of the eaith’s oibit, that pioduces an 
equation of the cenlie, and paitly on the inclination of the eaith’s a\is, that rendeis a 1 educ¬ 
tion from the ecliptic to the equatoi necessary, foi then want of paialleiism, occasioned by the 

obliquity of the ecliptic; of which cncle unequal aics pass the ineiulian in equal intcivnls of 
time 

4. But m an obseivaloiy, that has two or moie clocks, one of thorn usually indicates 
mean solar time, winch is an aitificial measuie, not founded m natuial appeal ances, but which 
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gives also appaient solai time when the equation is apphed to it. When this equation, as given 
in the Nautical Almanac, is applied with its pioper sign to twenty-foui houis, it gives the 
time of noon, oi of the sun’s meudian passage, indicated by the solai clock in due legulation j 
and, vice versd, when the equation is applied with a contiaiy sign to the mean tune indicated, 
and collected foi late, it will give the apparent noon in mean tune. To facilitate the ieduc¬ 
tion of sideieal to moan solai tunc on any day, without refeience to the equation of tune, winch 
often puzzles the nautical obseivci, we have alieady said, that a to the Nautical 

Almanac has lately been published, in which the sidcieal time, for mean noon at Gieenwich, 
IS given foi cvciy day in the ycai j which will answei equally well for any Other place, when 
9’.8565 aic added foi cvciy degiee of western longitude, and subtiactccl for eveiy dcgiee to- 
waids the east j and in like piopoitioii foi paits of a degree When the time speci6ed in tlie 
second column of tins Supplement is indicated by the sidereaf clock, the solai clock ought to 
indicate 0'' 0™ 0’ of mean solai tune, piovided both the clocks be propcily tuned, and their le- 
spccUvc eiiois allowed for; if, theiefoie, wo take the diffeicnce between the time shown 
by the sideioal clock, and the tabulated time of mean noon immediately picccding, wc get the 
inteival in sideieal time, which, conveitcd into solai, by tlie tabic of letaidation, given in page 
110 of oui 111 St volume, will give the mean solai tunc conesponding. l'’oi instance, if we take 
the example of « Aquilae, obscived on the evening of the @0th of May, at a station d™ ^5* 
west of Greenwich, when tlio sideical tune was 15'' 40'" 06*, we have 


From the Supplement, May 00,1808 . . 
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06‘.88 

IhopoiUonal pait foi 4"' 06*. 
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llelaidation m this inloival. 
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56.31 

Mean solar time of the observation . . . 
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Accoiding to tins simple method of leducing sidcieal into solar time, a mistake can hardly 
occui j and the roveise is equally easy, as will thus appear, viz. 


Mean solar time ..11" 0*.78 

Acceleiation of sidcieal time (p, 463) . , +1 56 ,31 
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Sideieal time at mean noon . . . 

. , 3 
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Sideieal time of the observation 

. . 15 

40 

06.00 


If the question had been to determine the sidereal tune when the sun was observed on the 00th 
of September, as above stated, the solar time being fiist determined^ the additional opeiatloii 

wbnld have been as follows j viz. 





600 


DIPFEEENT METHODS OP DETEBMINING THE LONGITUDE 


Mean solar time fiom mean noon of Sep. 19 

SI" 
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Acceleiation of sidereal time .... 



31 .71 
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15.71 

Sidereal time at mean noon Sep. 19 

11 
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26 .57 
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42.28 

Subtract 

24. 



Sidereal time of the obaevvationi . . 

9 

2.5. 

4^ sSS 


TKe same result maybe obtained, in this case, moie readily fiom the hoiaiy angle leduced 
into sidereal time, and subtiacted from the sideieal time of noon on Septembei SOth, as the 
sun was then to the east of the meridian, in the following manner, 


Horaiy angle observed . 

2" 

81'" 

16’ 
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24.85 

Sidei eal interval suhti act. 
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31 

40 .85 

Sulci cal time at mean noon Sep. 20 
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23 .13 

Sideieal time of the observation . . . 
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25 
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..lull! I ■ 


The nautical methods of obtaining time by means of moie piolix compulations, and of horaiy 
tables, aie exemplified m the different Tieatises on Navigation, which may be easily obtained. 


§ XCII 


AN ACCOUNT OP THE 


DIPPERBNT METHODS OP DETERMINING THE LONGITUDE 


1. It has long been agiecd among astionomeis, that the equatoiial diamctci of the eailh, taken 
in any direction, exceeds the pol'ai diameter, though the quantity of excess leinains yet to be 
finally settled, by measuioraents of long teirestiul aics, or by the compaiativc vibiations of the 
pendulum, suspended in diffcient and distant stations. Hence mcasuied distances taken fiom 
the oaith’s equator towaids eithei pole, oi in the duection of its bieadth, have long been deno¬ 
minated latitude, and a distance mcasuied along, oi paiallel to, the equatoi, has been in like 
mannei called longitude, as being taken lengthwise. As an aic on the equatoi subtends a cor¬ 
responding hoiary angle at the pole, the subtense of this angle vanes mevoiydogiee of latitude 
as it appioaches the pole, so that tlie absolute length of a teiiestiial degiee of longitude di¬ 
minishes in each successive parallel of latitude m the ratio of the cosine of that latitude to 
ladius. Now, as the angle of the pole and its subtense aie conveitible teims m a known lati¬ 
tude, the longitude of any given place, as it legaids the first or given meiidian, may he deter¬ 
mined either by geodetic measuioraent of the subtending arc, or by celestial obseivations that 
ascertain the hoiary angle, and vaiious methods have been proposed, and practised with dif- 
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ferent degrees of success, to determine the longitude of one place on the globe, as it respects 
anothei, assumed as the point of no longitude, which may be fixed wKeievei common consent 
shall appoint In all oui English maps and charts, as now constiucted, the Royal Obseivatoiy 
at Gieenwich is fixed upon as the fiist mcudian, and all places, east and west of that, aie said 
to have cast and west longitude To an insulai and comineicial countiy, like England, the 
exact detei inination of the longitude has long been a mattei of tlie utmost impoilance, as it re¬ 
spected hci navy, and an Ilonouiablc Boai d of Longitude was theicfoie appointed under legal 
authoiity, to piomote the laudable endeavouis of any individual, whose aim might be to fa¬ 
cilitate the attainment of this object. Hence vailous picmiums have bean.iawaided foi im- 
piovcd chionometeis, lunai tables, and dividing engines, that have greatly improved the loimei 
state of nautical astionomy, and lendoicd the pioblem of the longitude feasible within limit¬ 
ations, that can now be dispensed with. Undei this feeling the English Govoimncnt, at the le- 
commondation of a Committee of Finance, has lately dispensed with the meetings and labours of 
this scientihc boaul, and some now aiiangoment will piobably be made foi the continuance of 
our national subsidiaiy work, the Nautical Almanac, either in its piesent state, oi on an en- 
laigcd and modified scale, that shall cotnpieheiid all the wants of astionomy, as well as of na¬ 
vigation 

2 The diffeient methods of dotci mining tlie longitude of a given place, may be divided 
into teitestiial and celeattal, which we Avdl considci in succession. The fust teiieataal method 
IS by means of trigonometrical incasuieinent, and as the longitude of vauous chinch steeples, 
and of elevated stations, have already been asccitamed by the general suivey of the united 
kingdom, winch is still m operation, those deteimmed land tnaiks affoid facilities, in eveiy 
county, of obtaining the longitude of any obseivaloiy, oi temporal y station that may be within 
sight of one oi moic of them. We have given an example of this inetliod, at pages SSI and 
SS2 of oiu Volume T., which will loiidoi any fuither notice of it here unneccssaiy. The se¬ 
cond of these methods that wc propose to notice is that in which signals aie used, which may 
be practised with considomble success, when the distance from the known station, oi point of 
depailuie, docs not exceed twenty or thiity miles, accoiditigly as the face of the counliy may 
be favouiablo to such mode of tinnsmitting time fioin one place to anothei. When this plan 
is adopted, it is neccssaiy that the exact tune should be known at both stations, the longitude 
of one of which is supposed to bo known, foi asccitaining winch two portable tiansit-instru- 
incnts may bo recommended, foi picvions or subsequent regulation and collection of tlie 
clocks 01 cluonomoteis used. A lockct, or succession of rockets, sent up at coil am instants 
piovionsly agieed upon, will be piopei signals when they burst at one station, and aie obseived 
also at the other the absolute time of such bursting will be the same at both stations, within a 
quantity depending on the velocity of light, not appreciable at a piacticablc distance* If a 
lockct cannot be soon at the whole distance, an elevated spot may be chosen between the two 
stations, where it may be viewed fiom the oxtieine stations at the same tune, oi a repetition 
of signals from several inteunediato eminences maybe obseived; and then the difference of 
the observed tunes, taken at the two extreme stations, oi the mean of the several differences 
will give the diffoience of longitude in solai time without legaid to the beaimg of the stations, 
01 othci computation. Of course a clear evening must be mutually agiecd upon, and the 
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beaiing of one place fiom the othei must be so far known, as to guide the position of the tele¬ 
scopes, to be used on the occasion, which should have laige fields of view, and consequently 
but small magnifying poweis. This method, we undeistand, has locently been used with satis- 
factoiy success. The thud and last teiicstiial method, of comparing the longitude of one sta¬ 
tion With that of anothci, is by the conveyance of a chionometei, oi, what is much beltci, of 
several chionometeis, the latos of which aic known foi when tlie time taken at the fiist station 
IS conveyed to the second, and compaied with the exact time theie obtained, tlie diffeience be¬ 
tween the two, when due allowance is made foi the latcs duiing the intcival, will, as in the 
case of signals, give the diffeience of longitude, and at any unlimited distance. This method 
has been pi aclised with success hyBi. I. L Tiaiks, who, iindei tlie employ of oui govein- 
inent, conveyed seveial chionometeis from England to the Isle of Madeiia, the longitude of a 
station in which he thus detei mined, as a convenient place foi checking the maunc lales of 
cliionomelcis, when vessels on long voyages touch at that island; which lates ficquently 
cliffei fiom those pieviously asceitained on shoie As the vessel whicli conveyed the chiono- 
melers was actuated by steam, that occasioned ficqucnt shocks in its motion, the ingenious 
Geiman contiivcd a table that was suspended in gimbals, two out of the thice paiallcl frames 
of which tinned on pivots at light angles to each othei, and wcie loaded ))y a heavy weight, 
hanging down below the table, and lashed to it by diagonal lopcs. Foni hollow tubes wcie 
SCI owed down to the flooi of the cabin, which contained each a spiral spiing, on which the 
foul feet of the outeiinost fiamc lestcd, and wheie the lowci ends of the fom diagonal iopes weie 
fastened, that held the feet in then places This contiivance kept the surface of the table so 
level, and at the same time so fice fiom the effect of the shocks fiom the engine, as well as 
fiom the lioavings of the vessel by the waves, that the coinpaitincnls, foi holding tlio chiono- 
inetcis, might have been dispensed with, foi thou boxes had no tendency to slide fiom the po¬ 
sitions given them in the fixed compaiiments; and as iho vessel nevci turned suddenly lound 
from its couise, the vibialing balances wcic not acted upon, m a way that lengthened or 
shoitened then vihiations, oi that othciwisc affected then going, which wc have known to 
happen in a chaiiot, that slopped oi tinned suddenly. One of these clnonomctoi tables was 
used on boaid Ins Majesty’s slcain vessel Cornel by Ihe mventoi, in Ins thicc voyages to Dcii- 
inaik, Noiway, Sweden, Hanover, Heligoland, &c in the yoai 18124, When sevcial chiono 
meteis aie used foi the puipose heie specified, an individual one is chosen as the standaul, by 
which the indications of the icst aie compaied, in obtaining a mean of the whole, when they do 
not diffei veiy considerably fiom each other, but in making these compaiisons method and 
some piactice aie indispensable, not only to pieiont confusion, but to assuio accuiacy. When 
the compaiison of the slandaid chionometei is made with a sideieal clock, at cithei station, a 
small fuiction of a second maybe taken into the account by thcpeiiodic coincidences of the solar 
oscillations with the sideieal vibiations, when the exact value of an oscillation is known. The 
chionometeis in our possession make just fom oscillations each in the second, which tiain of 
wheel woik icndeis them extremely convenient, in making compaiisons of time, as well as in 
noting that which belongs to a contact in any celestial obscivation, wheio there is no clock. 
But the chionometei' is of most geneial use as a nautical machine, to pieseivo the tunc given 
to It at the fiist meadian, for the solar time at the ship, deteunmed by a smgle obscivation of 
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a celestial body, as explained in oui last section, and coinpaied witb the collected tunc of the 
chionomctei, will give a diffeience, equal to the longitude expiessed in solai tune, east when 
the time at the ship is the gieatei, hnt west when smallei, than the Gieenwich tune. 

3 The celestial oi astionoraical methods of obtaining the longitude may be divided into 
six 5 viz. (1.) by obseiving an imraeision or emeision of one of Jupitci's satellites, (@ ) by a 
lunar eclipse, (3.) by the moon’s passage ovei the meridian compaied with that of a known 
stai, pieccding oi following hei, (4.) by measiiied kinai distances, (5 ) by an occultation of a 
stai by the moon, (G.) and by an occultation of ihe sun, oi solai eclipse. With lespecl to the 
first mode by Jupitei’s satellites, though it is not so acciuatc as some of the following ine- 
ihods, it IS often used m obseivatoiies, and as these phenomena fiequently occm, they aic 
pievioitsly computed foi Gieenwich time, and published annually, tliiee oi foui yeais in ad¬ 
vance, in the Nautical Almanac, and when sovcial of these occuncnces have been obscived 
with a good telescope, at any paiticuhn jilace, the mean of the diffeiences between the com¬ 
puted Giecmvich times and the couesponding times ofobseivation will give the longitude, east 
01 west of Gieenwich, accordingly ns the obseivcd tunes aie gieatci oi less than the computed 
times given in the almanac. Two poisons, howovei, having telescopes with diffeicnt magni¬ 
fying powcis and apeilnics, will seldom agice within a second of each olhei, butwill ficqucntly 
differ much moic, even at the same station. But the pi incipaf objection to this method is, that 
an unmeision oi cmcision cannot be obscived at soa, where a knowledge of the longitude is of 
daily impoilance. The second astionomical method can seldom bcpiactised, flora the laic oc¬ 
cur! once of a luniu eclipse} and when an oppoilunity docs occiu, the exact instant of com- 
menceraonl, oi of leimination, is icncloicd micoitam by the pemimbia, which giadualiy m- 
Cl eases into a peifoctly defined umbia, and leaves the observer in doubt as to the exact time 
he is to ipcord. This method has been attempted with most success, when the limes aie noted, 
at which the lumu spots aic successively obscived, whcic the umbia makes its appiilses; sevc 
lal obseivations of this Kind aie iccoided m the cailiei volumes of the Philosophical Tiansac- 
tions of London} and if eithci the luminous oi daiK luno wcie measiucd by a miciomctei, oi 
even by a sextant, fiom time to tune duimg the eclipse, and noted both at Giccnwicli and at 
the distant station, it would answei the same puipose, for, like an immeision of Jupitoi's satel¬ 
lites, a lunai eclipse takes place at the same inslant of absolute tunc, at both places, and the dif¬ 
feience of the obseived tunes will consequently, in both cases, be the dilTeience of longitude 
The remaining foui methods descive to bo moio pailicnlaily noticed, as being bcttci adapted 
foi giving collect detoiminations of the longitude, when piopcily applied. We will thciefoie 
ticat those methods moie fully m sepaiale Sections. 
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§ XCIII TO DETERMINE THE LONGITUDE BY THE MOON’S i’ASSA.GE OVER THE 

MERIDIAN. 

1 . Tiin simplest and pcihaps the most aocuiate way of dctei mining the longitude of an ob- 

servatoiy fiom actual observation, is by asceitaimng the inciease of the moon’s appaient light 

ascension, dmmg the inteival of her passages ovci the two meiichans to be compaied} foi 

4> II 2 
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piacfcising which method oppoitunitics fieqiiently occiu in every month, when the state of the 
atiuospheie is favoinable, Befoie we pioceed to explain the cliiTeient piocosscs, it may be ac¬ 
ceptable to some of oui youngei leadcis, if we give a fainiluu illiistiation of the natuie ot the 
moon’s motion, as it has legaid to the appaient motion of the sun, occasioned by that of the 
earth, and to the fixed position of the stais Fcigiison long ago fininshod an easy means of il- 
lustiating this subject, which on this occasion we may adopt with some additions. If we sus¬ 
pend an oidinaiy watch by its chain befoic a muioi, so that its face, showing houis and mi¬ 
nutes only, may bo seen by ieflection, its hands will levolve in a diicction fioin light to left, as 
tlieie seen, and the levcised Koman figiues will follow one anothci in the same oicloi of suc¬ 
cession, as the hands appeal to move let these figuios lepicseni the ecliptic nuinbeied into 
twelve signs, conceive the extiemo end of the houi band to be substituted foi the sun’s place, 
piojected on the ecliptic tliiougli the centie, fiom a point at the opposite side of tlie ciicle, 
which will be the earth’s place in liei annual oibit j and let the end of the minute hand be sub¬ 
stituted for the moon, while the dividing stiokcs oi dots aio coiistdcied as so many equidistant 
stais, ncai the ecliptic On such a supposition the icvolution of the houi hand will icpiosent 
a solar yeai, and that of the mnnitc hand a tiopical levolution of the moon, winch is a shoiter 
peiiod than a liuiai month, oi lunation Now as the velocity ol the moon’s moan niolion is to 
that of the sun, oi latliei of the eailli, as 10 37.1, wc may lake IS 1 as sufficiently neat foi 
oui piuposo j which IS exactly the latio between the velocities of the ininuto and houi hands, 
let us suppose that Aiics begins at the point XII of the dial, Tauius at I, Gemini at II, and so 
of the lest 5 then, if a conjnnclioii of the sun and moon be assumed to take place exactly at 
the flist point of Aiies, that is, when both hands point to XII hoius exactly j the moon (mi¬ 
nute hand) will soon pieccde the sun (houi hand), and liavel fioin one stai (stioko) to anolhei, 
lound the ciiclc by an uiiifoim motion, till it has aiiived at its ougnial position, at the vcinal 
equinox again, and duimg tins penod will have passed by the sixty stais, supposed to be 
situated near hei path, some one oi mote of which she may have concealed fioin sight, as she 
passed befoie them, if hei appaiont latitude was equal to that of such stais but the sun in the 
mean time has advanced, on oui supposition, an cntiic sign, in the same ibiwaid dueclion, to I, 
the beginning of Taiuus, and the moon must yet piococd sometlnng inoic than tins sign, befoie 
she comes again into conjunction in doing this she may conceal the same stai a second tune 
within the peiiod of hei lunation, winch is longei than lici ahsoliUc pcuod, by inoio than two 
days. If we suppose tlie sun, foi the sake of lound numbers as befoie, (o pass one dcgiee in 
each day, and the moon twelve (two spaces on the dial), then one twelfth of the yeai will be 
thnty days, foi the penod of the moon’s tropical icvolution, hut if we conceive a gia- 
duated ciiclo earned louiid by the sun, oi houi hand, and the moon tiavelliiig lOund such 
CJicIc, the lunation, oi synodic penod, would he pointed out on the 3G0 day-spaccs, viz. 

——17"' 5 whoieas mfact the tiuo liopical penod is 27 “' 7" ^31^ and hci lunation 

1 

1 3 *’ 35''0‘^7—59' 8" 33 ~^^ .530588, oi 29“ 12" 44™ 2*.8 Hithoito we have consideied the 

mofiions equable, oi mean, as they aic m the watch, but if we conceive the centies of motion 
displaced, that of the sun, oi houi hand, but a little, and that of the moon, oi minute hand, 
ihove three times as much, then some of the aics of the ecliptic, oi dial, will be passed ovei 
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moie rapidly than otlieis, and it will become a mattei of some complexity to compute the exact 
points wheie, aflei a given luteival of time, the lespective bodies, oi hands, may bo situated. 
and if we conceive moreover that the excenliic point of the Innai oibit, ropie&ented by the 
cuclc of the minute hand has itself a motion in a foiwaid diicction m the nnoraahsUc icvolu- 
tion, 01 8 ’^ 809*'.5 5 it 13 obvious that the point of quick motion in the ecliptic will fall succes¬ 
sively in difieienl aics of that ciicle, so that not only flisl but second diffeienccs will become 
necessaiy, to icduco the place of mean motion to the appaicnt place, pioduccd by the iiiegu- 
laiilies of such lunai motion No one day’s motion can be assumed as equal to that of anothei, 
and theiefoic the deleimmation of the time due to an obscived aic of the moon’s motion in 
light ascension, which is the olijcct of oui inquiiy, becomes a mattei of some computation 
and when we consider also, tliat hoi oibit is not paiallel to the ecliptic, but ciosses it at 500 
diffeicnt points, 111 the comsc of 18 6 Julian yeais, the pctiod of the ictiogiadc motion of the 
nodes, the compulation of hoi declination, at a. given tune, becomes also a subject of some diffi¬ 
culty , and yet it is necessaiy lo be known, bcfoiothc impiovecl method of computing can be 
gone lliiough. 

2 . Befoie the picscnt stale of thooietic and piactical astionomy leiideied an attontiou to 
small second, and sometimes even thud diffcicnces necessaiy in computations of the moon’s 
place, the old method of computing Iho longitude, fioin a change m the moon’s iig|il asccii- 
tion, was a simple piocess, that icquiied but two diiecl piopoitions, after the obseivation was 
made and leduced, but m bunging out the dcloimination it was necessaiy, that the transit 
instiinnenl, with which the moon’s enlightened limb was obscived, should he tiuly placed, and, 
m pcifcct adjustment, that the passage of the centic should be thence deduced 5 that the enor 
and late of the clock should be known, that tho limai tables should be perfect; that the com- 
putalions given in the Nautical Almanac, £oi noon of each day, should bo quite coiiecl, tlial 
the aic, contained between the moon’s centio and neighbouimg stai, pieviously 01 subse¬ 
quently obseivcd, should be considcicd paiallel lo the equatoi, and that it might he taken as a 
diiect piopoitional pail of the daily movement of the moon’s light nscensiou, without second 
diffeiences, II those assumptions could be safely granted, the method would be attended with 
but little trouble m tho execution, We will Ihciefoio give a shoit account of this as an intio- 
ducUon lo the now method, that icquiies but few concessions beyond the accniacy of the 
obscivations, though it introduces moio numeious computauona. If wc put I foi the sidcieal 
time, by the clock, of the liansil of the moon’s ccnlio at any given mciidum, i' foi the tune of 
the stai’s passage ovci the same; and Mi + v foi the mteival by the same clock, between two 
successive tiansits of the same stai, a' being tho eiioi of the clock cluiing such mteival; then 
the ill St piopoiUon is this, 

24< + V i~P 3G0° ; diffeience of /R of a and ; 
which diffeicnce, added to the known appaient iB of the stai, will give the moon’s ajipaienl 
right ascension at the moment of hei ineiidian passage • now if we foi tho obseived light 
ascension of tho moon, and a foi the computed light ascension at Gieenwjch, and call liei daily 
inclement of light ascension /, consideimg the change of iR umfoim, m'C slmll have 

J a—yl, 3G0“. the lequiied longitude m arc. 

This method has two advantages, that aic desiiable, it gives the lesult independently of any 
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othei coii'espoiicUng ob&eivation , and leqiuics not any pievious knowledge of the longitude 
sought, but as it can only be cousideiecl as an nppioximate method, and has always been 
found incoiiect in practice, its pimcipal use now is, to deteimine appioximately the longitude 
ol any given place, as an aiguinent foi detennining the tiue longitude by the new and more 
coivect method, that icquiies a pievious knowledge of the appioximate longitude hence it 
may still be useful foi this piepaiatoiy pm pose, paiticulaily as the same obscivation, oi set of 
obseivations, will supply data foi both methods, of which one may be considcicd as intio- 
ductmy to the othei, whenevei the longitude of the place of observation is not picviously 
known within a minute of time. 

3 . The new method of detennining the diffeience of longitudes between two meiidians 
takes no iinobseived data foi giantcd, except the moon’s houily motion in ^1, taken fiom an 
Epliemens, and pioceeds altogetbei upon the piinciplc of diffciences, icquiiing coiiesponding 
obseivations at both the stations, oi obseivatoues, wheie the angular distances of the moon’s 
enlightened limb fiom the same stai, oi stais, aic obseived by successive tiansils, taken on the 
same evening Heie no dependence is placed on the exac( position and adjustments of the 
instiument, oi on the going of the clock, except foi the shoit inteival between the tiansits; 
nor does the accuiacy of the detei imnation depend on the lunai computations given m the 
Ephemeiis,'except so fai as the moon’s decimation is concoined, which, being only an aigu- 
ment, is not nccessaiy to be peifectly coiicct. Neither is the question of the eaitli’s compres¬ 
sion, affecting the parallaxes, involved in the compulation , noi yet is an exact Icnowledge of 
the stai’s place indispensably neccssaiy. Besides which advantages that this method possesses, 
It is not limited to time oi place, but may be consideicd as umvcisal. M Nicoliu, a distin¬ 
guished astionomei of Manheim, was the fiist obsoiver who piactiscd this method with success, 
which was announced and explained by Piofossoi Schumachci in the oailioi numbers of lus 
AsironotniscJte Nacltricliten alicady lefeiied to. Mi. Baily soon aftcrwauls modified tlic 
piocess, and gave an account of it, fiist m a papci load bofoie the Aslionomioal Society hi 
1824, and published m thou second volume, and since in his octavo volume of Tables and 
Eoiinulae piinled m 1827, which foims a most useful manual foi the computer and piactical 
astionomei. We cannot do inoic justice to the subject than by giving Mi. Baily’s explanation 
m neaily bis own wouls. 

Poi the solution of the pioblem, lot us make 

/=:tbe diflleience (in sideieal tunc) of the tiausit of the moon’s Itmb, and of llic stai jncviously 
agiced on, at the obseivatoiy situated most 'weslerlij, which will be positive when the stai 
piecedes the moon, oi when the iR of the moon exceeds that o( the slai, but on the con- 
ti ai y negative 

r ~tlie similai diffoienco at the obseivatoiy situated most easlei h/, 

(/—r)=the tme obseived diffeience in the Al of the moon’s Imh, for the time elapsed between 
the two obseivations* 

c=:thc apparent lime (as shown at Gieenwich or othei fiist meiidianj of the culmination of tlic 
moon, at the imtein obseivatoiy 

/«=;the apparent time (as shown at the hist meridian) of the culmination of the moon at the 
eastern observatoiy. 
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a=. <i’s ^ in space \ 

4 *s tiue declination > computed foi the tune c 

? = 4’s tuio ladiiis 01 semidiainctci ' 

«■ = 4’s in space • 

^ — 4’s li lie declination > computed foi the time h> 

§= 4 '& ti lie radius oi seinidiamctei ) 
s=the length ol the tiue solai day, cxpi eased in seconds of sideieal time • 
m=:lhc moon’s motion in ill in halfih&i inteival, expiessed in seconds of space. 

;\;;=:thc assumed diflbicncc of longitudes in tune, plies when west, and nanus when castj 
iX, l'C)=thc correct diflbience of longitudes. 


Ileic the hue declination and hue seniidiaraetei of the moon mean such as they would appeal, 
if seen fiom the ceiiUe of the eaitli, and the Eoinan and Gieek chaiacteis, denoting the same 
things, apply 1 cspecUvcly to the two stations oi obscivatoucs. the Homan chaiactcis always 
to the weitem station, and the Gicck to tlio eastern the times, c and a, of the moon’s 
culiniiiatioii to the nearest minute bo found by the help of the Nautical Almanac, oi othoi 
Ephcineiis loi the lust inciiclian, in Older to compute d, r, and g>, foi those appioxunale 
tunes icspcctivcly, and then make 


r 


S 


15. cos f/ 15. COS 3 



which IS the tiue obscived dilToioncc in tlicfE of the moon’s cenhet foi the time elapsed be¬ 
tween the two observations} wlicic the uppci sign is to be taken when the Erst oi westein 
boidoi of the moon is obseived, and the lowci sign when the second oi eastern boidci is ob- 
seivcd. 'riieii, by assuming x equal to the picsiuncd difibiencc of longitude, and knowing the 
appaicnt (Giceinvicli) tune <vt the other obscivatoiy, by ibe following equation 


c 




compute a and a /oi the lospcctivc tunes e and * j couecliiig the moon’s motion foi thud dif- 
feicnees, if loijuued, and the foiimiU foi the couectiou of the assumed iMeioncc of longitude 
will ho 

c=ri5 A—(c) 

' 2 wi 


which, being added to Xi will give (;ti + e) for the lino difibiencc of mciidians icqiuicd. It is 
evident that, if 15 A—(«-a)=:0, the value of x been assumed sufficiently accuiate, and 
does not icqiuie coticcUon. In fact, the diffeicnco will in gencial bo vciy small: and wlien 
this IS not the case, wc may justly suspect some eiioi in the steps of the piocess. 

d-. The example which Mi. Biuly has given, m his Astronomical Tables and Tornmlce, is 
Well adaptod to iliiistuito the .subject of our present Section, but as ho has given the opeia- 
tioiis in an abudged foim, we pioposc to lay befoie oiii readois all the stops of the aiiLhme- 
tical piocess, at a suflicicnl length to lender the compulation famihai. In gaining the light 

* Wo luivo bolbtc list'll tho oliiirActcr A, liikcn smsty. to duiotc polai dtsltinccj but in tins sccUoii it is put foi diffti- 
CffcCj to prescivc ihc nuthoi^s uotntjon 
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ascension and decimation of the moon, due to the times of the observations of hei mendian 
passage at the respective places, the appioximate quantities aie first found, on a supposition of 
equable motion, by means of logistic logaiitliins, oi of an appiopiiatc table giving natuial num¬ 
bers, oi otheiwise by woiking out the diiect piopoition, and then the collection fiom a table 
of second diffeienccs will conveit the appioximate into the tiue quantities. This collection 
has usually been obtained fiom tlie iiilcs laid down by Di. Maskelyne in the Nautical Alma¬ 
nac, but Piofessoi Lax’s new method is much shoitei, and perhaps less liable to be misapplied • 
when the tune at Gieonwich is given, his lule may be thus expressed, viz. 

Take out of the Nautical Almanac foiu successive light ascensions and foui couespond- 
ing decimations foi noon and midnight, two of each immediately piocoding, and two imme¬ 
diately following the Gioonwich time of each obseivation, and, applying -i-tothe noithcrn, 
and--to tho southein declinations, add algebiaically the hist and fouith quantities icspcctively 
into one sum, and the thud and fouith into auothei, then half the diffeicncc of these two 
sums, will at once be the mean of the two second diifcicnees, whethci foui light ascensions 
01 foui declinations be the quantities imdei consideiatioii The same abbicviated pioccss will 
apply also to the delcimination of couect longitudes and latitudes. Then if the sum of the 
fiist and fouith quantities be less than the sum of the second and ilnrd, tho collection is 
tpoe, but if viote, then it becomes negative, 

5 Hmniple —“On Deccmbei 5, 18^4, Lieut. Fostei, R.N., obseived the diffciencesm 
the culmination of the moon’s hist limb, and of the two stais 63 and 95 Taiiii, at Poit Bowen, 
the station wlieie the Expedition, foi the discoveiy of a Noith-Wcst passage, iinclci the com¬ 
mand of Captain Pairy, passed the winlei of 1834-35, while similai diflfoienccs weic obseived 
at Gi eenwich in sidei cal time as follow, viz. 

At Giccnwicli. At Poit Bowen. 

63 Taiui r = + 9™ 45’,58 t = -t 34“ 53’ 98 

95 do r=:-9 35.98 5 43.90 

What was the longitude of the lattci place ^ ” 

Befoie this queiy can be solved, it is necessniy to assume an appioximate longitude foi 
Poit Bowen j and it will be convenient to take a mean of each pan of obsoi vations, as two 
single obsei vations, to shoiten the computations. Agieeably to some occultatious obseived by 
Lieut, Fostci, the longitude of his station may be consideied about 5" 55“ 40’ west of Giccn- 
wich, and tho moans ofthc lespcctivc obseivations give /=: +15“ 18’.44, and -t-0“ 9’*80, 
therefoie will bo =: -i-15“ 8 ’ 64, which inteival added in this case to tho assumed lon¬ 
gitude, 5'' 55“ 40', gives 0" 10“48*.C4 of solai lime, oi 6 "' 9“ 47’.9 sideieal time, when di¬ 
minished by the accelciation 1 “ 0’.74. Fiom the Nautical Almanac of 1834 it appeals that 
the moon’s ceiitic passed themciidian of Gieenwich at 11 ” 35“ p.m. on Dccemboi 5, and theie- 
fore we may take 11 ” 34“ as the appioximate time of the fiist limb’s passage at Gieonwich, and 
17 ” 44“ Giecnwich tune foi that at Poit Bowen, foi winch times tho semidiamoteis and de 
clinations of the moon may bo calculated, foi a few seconds moie or less, in these arguments, 
will not sensibly affect the quantities wanted. In the Nautical Almanac above icfeiied to 
the moon’s semidiametei is given = 15' 87 ” for noon, and 15' 43" foi midnight, of the day 111 
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question, and hei declination gS® 0 ' 3" and 23“ 40' 27^' respectively at the said, timea; with ie- 
sped to the foimci, tlic piopoitional pails foi 0 " 26 “ and 6 " 10 “ fioin midnight, aie —0",18 
and + 2".57 to be applied to 15' 42", whence we have 


at 11" 34“ at 17 '» 44“ 

§ = 0'^ 15' 41".82 and r = 0* 15' 44".57. 


The declinations howevei undeigo consideiable alterations ui twelve houis, being not exactly 
propoitionale to the tune; and requiie, besides the propoitional parts, equations for second 
differences, accoiding to the subjoined pieces?, 


1 Midnight Decembci 4 
2 . Noon 5 . . 

' 3 Midnight * ' 5 . , 

4. Noon 6 . . 

‘ Sum of 1 . and 4. 

Sum of 2 . and 3. , , . , 


. W O' 46" dec. N 

. 23 0 „ 

. 23 40 '27 > 

.24 0 25 

■-Hill ■■■■■111 Ik . 

. 46 1 11 

. 40 40 30 


Difference of the sums .... 39 19 

Half ditto, 01 mean of second diff. 19 39.5 


Here the sura of 1 . and 4. is le9s than the sum of 2. and 3. and therefoie the collection arising 
tiom the second difference will be positive, and the lesiilt will stand thus j 


Pcclination at noon Decembei 5, 1824 ...... 23“ 0 ' 3" 

P.p. as 12" . 40'24" diff. in 12 "" 11" 34', ..... + 38 56.46 

Collection flora Lunai Table 11 (Vol. I.) for 19 '39".5 . + 0 20.58 

M I I ipill.M IIH fcll 1 1 . . . 

Moon’s declination, when observed at Crtcenwich , , 23 39 20 *04 

Accouling to Ml. Baily’s computation ...... 23 39 20 


The piopoitional pait might have been taken flora oui Solar Table 7 (Vol. I. p. 165) by 
doubling the fiist difference in twelve hours, since that table is adapted for an inteival of twenty" 
four houis, in the Ibllowing mannei, without the woik of a direct proportion, or leduction into 
the lowest teims, thus j 




40'.4 (==40' 24") 
We liave at 


And for 0 ' 8 


X 2=80'.8, then in the column headed 8 (for $0) 

11 " 36“ . . . 38'.67) , 

J-mean=88.55500 
11 32 . . , 38.44) 

.38555 


» n 


t • ♦ ♦ 






Whence the pioportion foi is 


i 4 


38 .940551 
Oi 38' 56".4S. t 



VOL. II. 
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In the next place we proceed to find the moon’s declination foi Deccmbei 5 at 17" 44'"' thus > 


1. Noon Decembei 5 . . . . 

23“ 

0' 

3" 

N 




2. Midnight of do. 

23 

40 

271 

r ist difn 

=:1C|'58" 

3. Noon December 6. 

24 

0 

25 J 





Midnight do.. • • 

23 

58 

48 





Sum of 1. and 4. ...... 

46 

58 

51 





Sum of 2. and 3. 

47 

40 

52 





Difference of the sums. 


42 

1 





Half, 01 mean of 2d diff. .... 


21 

0 

3 



f 

Heie we have declin at midnight of Dec. 1 

6 .i". 

* 

1 

23“ 

40' 

27 " 

P.p. as 12" 19 ' 58", 5" 44“ • 

# • 

* « 

t » 

• 


9 

32.38 

Collection for second diff. 21 ' 0".5 

* V 

* 1 


* 

"f 

2 

37.15 


Moon’s decimation, d, at 17" 4i4i"' p. in. December 5 
According to Mi. Baily. 



m 

53 


36.33 
30 


We may now find the difFeicnce of the moon’s light ascension in the elapsed time by the 
fotmula (a) thus 


}•=15' 44".57 or 944.".57 . log S 9752341 
Cos d 23“ 52' 56".5 Ai. Co. . . 0.0388554 
15 Ai. Co. . . 8 .8239087 

II I*' ■ ■ ■ ■ ^ 

68 * 865 . 1 .8379982 


f=941''.82.log 2.9739679 

Cos ^ (23“ 39' 20") Ar. Co. . . 0.0881168 


15 Ai. Co. . . 8 .8239087 

68’.548 . 1.8359934 


Now the small difference of these two munbeis,=:0’.S17, being added to the observed interval 
(t—r) +15'" 8’.64 will give A = IS"* 8’.957, 01 accoiding to Mi. Baily 15'" 8'.9S8, and the coi 
rect value of c may now be obtained from the formula (5) in the following manner} viz. 

Sun’s light ascension Decembei 6 , 1824 . . . I 6 " 52“ 1 S ’.7 
Ditto 5, ... 16 47 51.7 

Difierence in a solar day . . .... 4 22 

so that we have s = 24" 4“ 22’, or 86662 seconds, = 5* 55™ 40% A = 15’" 8’.9575 and 
»=s 11 " 34“ sufficiently near for our piesent puipose, to detcimine c, the appaieiit time of the 
moon’s culminatioii at Port Bowen, by the following computation} 

86400 

of 6" 10“ 48’.957 (or of + A) . = 6" 9“ 40’.54 

To which add» ... .11 34 0 

> ■1 I I III 

And theie will be c, the app. time, . . . =: I 7 43 40.54 
According to Mi. Baily also. 17 48 41 .67 
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The moon’s light ascensions a and a must in the next place he computed for the times» and c, 
by taking piopoitional parts and applying thereto tlie second diffeiences as before, thus j 


« for 11“ S'!)” 

1. Midnight Dec 4 51° 59' 58" 

g. Noon 5 59 5 59> M 

S. Midnight 5 6G gg gl. 57° 16'S5" 

4. Noon 6 73 47 6 

I I ! ■ M M I , jlipil 1 ^ 

Sum of 1. and 4 . Ig5 47 4 

Sum of g. and 3. . Ig5 g8 gS 


1, Noon Dec. 

g. Night 

8, Noon 
4. Night 


a for 17 “ 44" 

5 . 59 ° 5' 59 " 

5 . 66 gg g4> diff. 

6 . 73 47 65 7“ 34'42“ 

6 . 81 17 25 


. 140 23 24 
. 140 9 30 


Difference of sums 18 41 

Half, or mean gnd diff. 9 20.5 


13 54 

6 57 


Noon December 5 . .59“ 5' 59" 

As 12“ . 7“ 16' 25" :t 11“ 34" . 7 0 89 .48 

Coi. foi gd cliff, 9'20" , . - 9.60 


, . 66 6 28.88 




Midnight December 5 • * 66“ 22' 24" 

As 12“: 7“ 24' 42": • 5“ 43™ 40’.54.3 32 16.047 
Cor. for second diff. 6' 57" * — 0 51.80 

II II I ■ ■ m 

a . ,. 69 53 48.247 

a .. 66 6 28.830 


Dllf.=:oi«-a . ... 34719.417 

15 A, 01 15™ 8*. 944 in arc . 3 47 14* .355 

15A„(a_«).. 5.062 


Lastly, to find e, the ciior in the assumed diffciencc of longitude by oui foimula (c) we have 

i 


s 24“ 4®' 22*' 

m-T 24' 42", the fiist dilfciencc with which a was found, and ^ = -—■ 





= 1, 624 -, winch multiplied by — 5’.062 will give e = - 8 ’ 22 5 consequently the correct longi- 
tude, % t-e, ttccoiding to this computation, wheic fiist and second diffeiences only are used, 
will be 5 “ 55 " 31’.78 j which Mr. Baily malces 5“ 55" 31’.56 by having used thud diffeiences 
also. He icmailis howovei, in a note, that from a mean of twenty-one eclipses of Jupitei’s 
satelhtcs, the longitude was found to bo 5“ 55" 29'. When 15 A diffeis mateually from fl~», 
the opeiation should be lepcatcd with ^ coircctcd by the fiist opeiation. , 

< In this example it will bo lemaikcd, that the exact tunes of the moon’s limb passing each 
equidistant wiie of the tiansit-instiument is not stated foi either place, which statement would 
have facilitated the compulation of the declinations and light ascensions due to those 1 espectivc 
tunes. and ought always to be given as a pait of the obseivation, 

6 . The piincipal inconveniences that attend this accuiatc mode of coriecUng the appioxi- 
male longitude of a place, as compaicd with anothci place, are fust, that it leqimcs a coiie- 
sponding obseivation at the second place of the same star on the same evening, and secondly, 
that the longitude cannot be computed till both observations aie laid before the computei, and 

4 i2 
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therefoie can be of no use till the compaiison can subsequently lake place. Collections ol 
stais lying ncai the moon’s path in each Iunatioil> denotnmatecl unoon-cuhnmalmg stai>>, aie now 
selected and auanged foi seveial peiiodic astionomicai woiks, thftt tend to piomote the fie.' 
quency of obseiVations of this kind ^ and it is piesumcd that the aiiangement which we have 
given of 5^0 zodiacal Stais liable to suffoi occultations, in the appendix to oiu fiist volume, will 
be found convenient foi this puipose. The Supplement to the Nautical Almanac also gives a 
monthly list that, if continued, will be found Veiy useful td the diffcicnt asUonomcis, who now 
employ themselves, m vaiious public as well as pnvate obseivatoiics, iti icgistermg the tiansils 
of the moon-culmniating stais, as well as of the moon’s enlightened limb 


\ 






§ XCIV ON LUNAR DISTANCES 

1. According to the new method of detel’mining the difPoienco of the longitudes of two places, 
by means of the diffeionccs of the moon’s and stai’s right ascensions, as explained in our last 
section, it is necessaiy to employ a tiaiisit instiument to deleimme the times of Iheii meiidiaii 
passages lespcctively at both stations; hence that method can he of no use at sea, where the 
knowledge of a ship’s longitude is essential in long voyages, foi the coucotion of what is called 
llic dead icckomng, and consequently foi iho safety of the ciew But Iho moasuie ol an 
oblique distance fiom the moon to the sun, or to one of the stais, that has its distance Itom the 
moon computed foi every thieo hoius in the Nautical Almanac, oi othei Ephcmeiis, may be 
taken by a sextant, oi still bettei by a lefllectmg cuclc, cilhci by land, oi on boaul a ship, 
which moasuie fuimshes one of'lhc best methods of obtaining, with tolciablo acciuacy, the ab¬ 
solute longitude of the place o( obsoivalion, piovided that the luic time of the obsoivation be 
known, and also the appalonl altitudes of both the bodies obscived, as well as the distance, 
that the thiec appaienl sides oi the spheiical lnaiiglo may bo known, foi dcteimining the true 
sides by computation. 

0 In tho piactical application of the lutw' method of dctei mining the longitude, the mode 
of making the necessary obscivations claims our fiist attention As an oblique me and two 
altitudes aife i’eqiiiied to be meusuiod at the same moment, to ensiuo Complete success; and as 
a lepetilion of such cotemporaiy measures taken at successive inteivals, and as near as may be 
equidistant, will conduce to accuiacy; it has been found most convenient to employ fom pei- 
sons, the fiisl to obseive the oblique aic, or apparent lunar distance, with the sextant oi eiicle; 
the second to measuie the altitude of the moon, winch may be with an octant, the timd to 
measiue that of the sun, oi stiu, with a similar instillment; and the iomth to note down tjie 
exact time by the cinonometei, at each instant when the obseivei taking the distance gives the 
notice; 01 , what will be moie couect, the equidistant times may be announced by the peison 
watching the cinonometei, while the obseivers keep then lespecLivc contacts concct by the 
tangent screws. But if so many skilful peisons aio not piesent, one or even both of the alti¬ 
tudes may be taken by a single 'obseivei, both befoie and aftei the oblique distance is mea- 
Sined, and the couespondiiig times put down; from Which the altitudes, due to the mean time 
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t)F all the distances, may be infeiied by computation* When the sun, oi star, is at a piopoi dis* 
taiiGofiom the meiidian, the time maybe computed from its obsoived altitude, piovidcd the 
latitude be known; with ’vfhich the time shown by the chionoinetoi may be compaied as a 
chock on the lesultuig longitude otheiwisc the tune must be dotei mined by a pieccding oi 
subsetluent obseivation* It will not be necessary to give directions about taking the altitudes, 
by means of oithei a naliual oi artificial horizon, aftoi what we have said in the eighty •seventh 
and following sections, but it is vciy important that the contact, m measuiing a kmai distance^ 
be, as neaily as can be csbunated, at that diamctucal line of the telescoj^e'^s field of view, that 
lies parallel to the face of the sextant or ciiclc, fot at any othei part, to tho light oi loft oi 
that line, the mcasiued distance will be always loo gieat, howevoi piopevly the adjustaient ioi 
paiallelism of the tclcscope^s collimation may have been previously made. The ixiGasuio taken 
at the cenlie of the held will theiefbre always bo the safest to adopt j and as this is the smallest 
measuic that can be taken of a long aic, a piactiscd obseivci wiU seldom have occasion to ci^ 
teilam a doubt of its acciuacy} but without such piccautiou, thcic may be an ciior of some 
minutes in the measiuod distance, which, m spite of all the Nautical Tables, will be charged on 
the longitude. The appaient altitudes of the sun and moon aie those which aio coueetecl foi 
tho effects of lofiaction, paiallax, dip, index cnoi, and scmi dmmctei, hy the tables in the usual 
way, but that of a stai icquucs not the concction foi eithci paiallax oi sem^diamctci • the 
appaieut distance is the mcasiued aic collected foi the index euoi, and foi the moon’s seini« 
diamctei at the time when a stai is the second object, but when the sun is the object, the sum 
of the semi-duunctcis of the sun and moon must be applied with the index eiroi ♦* 

y. Since tho effect of icfuictiou is to elevate a heavenly body, and that of paialbix to de- 
piess it, the sun is moic elevated by the foimei, than depiesscd by tho latter , but the moon, 
on the contimy, is moie depiesscd by tho latlci than elevated by the foimei , and these effects 
vaiy at diffcicul allitudos, tho fust question tberbfoic that auses, which is indeed the only 
difficult one to a common obscivci, is how the appaient distance of the moon fioin the sun, oi 
stai, IS affocled by a icduction of then appaient to their ti ue altitiulcs, as scon lu a light lino fi oin 
the cenlio of tho eaith, instead of fiom a point on its surface tlnough a lefiacling medium'^ 
To 1 educe the appaieut to tho line angiilai distance, is a pioblem that has employed the pens 
of many eminent mathcmaticuins, and vaiious tables have been computed and published, for 
the cxpicss puiposc of cleaung the appment distance fiom the effect of paiallax and lefiacUon, 
by such rules and compulations as have appealed best adapted foi nautical usage* Om busi¬ 
ness howovei is, to considci the question m its oiiginal foim, as a dacct sphciical pioblem 
capable' of as easy solution, by means of known fonnulce, as by any of the appioximale or in- 

duect tabulai methods. In the annexed flguie let ^lepiesent the zenith of the 
place of ob&CLvaUon , s the appaimt place of the sun, oi sUu 5 and w, the 
pafcni place of tho moon • then, as the effects of both lefi action and pqialJax lu 
altitude opeiatc m a veitical line tending to the zenith, S the true place of the 
sun 01 stai will be lowei than s the appaient place, but Mf the true place of 
the moon, will be lughei than m the appaient place, and fiom the ineasuicd dis¬ 
tance 7 ) 1 5 , we want to deduce the tiue distance M S* Now as the appaient altitudes of m and 5 aie 
known fiom tho observation, and as their elevation 01 depression does notalter the azimuthal an« 
gle atK, we can first deteimine this angle opposed to the appaient distance, from having the 
three appaient sides of the liiangle given, which may be called the fiist opeiation, and when tins 



* In sfcuctncssj a small allowance should be made foi tlie obliquity of tlic measuxed line 
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angle 18 known, and the sides Z m and Z s are reduced to Z M and Z S by the proper tabular 

collections, then, as a second operation, we may deteitnrae the true distance ilf by means of 

the two true sides Z M and Z S and included angle, which is the thing wanted 

4 <. If we lefei to oui page (459) of foimuliB, we shall find tliat Nos 1 , 5, and IS, which 

ate analogous to each othei, may be applied to find the angles A, and « opposed to the three 

given sides, z, X, and A, and by a change of chaiacteis any one of these thiee foimulm will con* 

statute a rule for the first opeiation, though the tiiangle is not foimed on the same part of the 

spheie also the foimulffi ^0 and 25, which are analogous, will eithei of them afford a ude for 

finding a side, opposed to an angle included between two given sides. In the flist operation if 

we put a for the angle at Z, A foi the side m s, z for the side Z s, and X foi the side Z m, for* 

mula 10 will apply as it now stands, viz. 

m 1 sin X (A + X—«), sini(A + ar— X) » 

Tan 4 «—;-(-operation, 

^ sin |(A+X + if),sm 4 (« + X~A) '■ 

and for the second operation, if in like manner we put » foi the angle at Z, A foi the side M 
S, X foi the side Z S, and z foi the side Z M, with z, X, and a, given to find A, formula 20 
will be the pioper one, wheie an auxihaiy angle tan = cos «tan z is introduced to simplify the 
computation, which formula stands thus 


„ . cos Z. cos (X <p) 

Cos Ac- - --- 

cos (p 

But as the cUithmetical complement of cos <p is see <p, the formula becomes cos Ac cos z, cos 
(X (p) sec <p. which shoi tens the computation a little. 

5, JSxample ,—On the 14th of Maich, 1818, in latitude 37“ 50' N., and longitude by ac¬ 
count 67 “ 0' W., the following obscivations woio made for dctciminmg the liuo longitude of a 
ship at anchor, when the moon was nine days old, and to the east of the mciidian $ the 
observei’s eye being twenty-two feet above the suifaco of the sea, the time conesponding to 
the mean of all the obscivataons 0’’ SQ” 4.5*; and tlie index eiiois of the two qnadiants and 
sextant as stated in the subjoined icgister, let it bo loquucd to detciminc the longitude fiom 
these data, by means of oui foimulm? 


OnSEKVATIONS. 


ObaeivQcl nit of 

O’s Jowci Inub 

■ 1 
Obscivcd alt of 
(I's upper limb 

Obfioivcd distance 
ficni limbs of i 

0 aud ft 

0 

CO 

51' 

45" 

24“ 

40' 

80" 

86' 

23' 

45" 


49 

15 

24 

52 

45 


24 

IS 


47 

SO 

25 

1 

45 


04 

45 - 


4-5 

30 

25 

12 

30 


25 

0 


43 

45 

25 

21 

so 


05 

SO 


237 

45 

125 

9 

0 

1.MM ■ 1 ■ 

123 

15 ! 

48' 


83 

25 

1 

48 

1 J<t ■ 1 n 

86 

24 

39: 


^ 3 

IS 


+ 1 

21 


- 1 

15: 


4 . 

57 


- 4 

87 

1 



+ 16 

6 


-14 

55 


+ 31 

1 

48 

55 

49 

24 

43 

37 

<0 ' 
00 

54 

25 


d *s ditto 


d ’s augmented semi diametei 


Sums. 


Dip of the hoi i/on 


iry 


54' 


6 " 

8 ". 95 

17 


d ’s houzontal semi-diamctei 14' 


Apparent altitudes and distance. 


49" 

6 


14 55 
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From these observations we have given 


Z s QT «=90® - 4.8° 55' 49"=4.1“ 4’ 11" 
2:worX=90~24 43 37 = 65 16 23 
m s or A, .=86 54 25 


Fiom which wo have to 
compute the angle a 
formed at the zenith Z> 


First operation, by formula 12 (p. 4.59). 


Sin^ (A + A-z) 55° 33' 18".5.log 0.9162806 

SinHA+J»-X)Sl 21 6.5 . 9.7162467 


Sum 19,6325273 


Sin |(A + X + 1 !) 96 37 29.5 oi 88“ 22' 80",5 9 .9970904 

Sin i («+ X ~ A) 9 43 4.5 9 2273662 


Subtiacl this sum .... 19.2244566 

Extiact the loot of remainder 2) 0.4080707 


Tanja 57° 59' 22".5 . 0.2040353 s= 

a . =115 58 45 or — 64“ 1' 15" fiom the triangle Z m i, 

We piehx the negative sign to the angle in the second quadrant, agreeably to tl^e rule given in 
page 446, wheic the sign of a tangent in the second quadrant is —. Befoie we proceed to 
compute the true distance M in the tiiangle Z M S, with the same angle a unchanged, we 
must know the tiuo sides iW and Z iS coriected foi paiallax and icfraction thus, 


x{Zs) 41° 4' 11" 

Befracl. I- 50 

Paral. — 6 

. . . M >1 f . .. . . . 

X corrected, or ^ /S=41 4 55 

■■■ 1 ■ I I II ,1 


05“ IG' 23"=X 
+ 2 5 

-49 21 

4 *p . . . 

64 29 7=^ corrected, oi Z M- 

ll lMIH I I >il I I I 


Second operation, by foimula 20, 


Cos« 

-64“ 

1' 

15" . 

. . - 9.6415180 

Tan X 

41 

4 

55 . 

. . . 9.9404173 

Tanp 

X z 

3—20 

3 64i 

54 

29 

4.8 

7 

, . - 9.5819353 

Cos (X 

<p) 85 

23 

11.3 

. . . 8.9054411 

Cos X 

41 

4 

55 . 

. . . 9.8772391 

Sec <p 

20 

54 

4.3 

. . . 0.0295615 

Co3JW;S 

86 

16 

44.1 

... 8.8122417 


6. The tiue distance theiefore between the centres of the sun and moon was 86“ 16' 44". 1, 
and the Greenwich time corresponding to this distance lies between tiie computed distances for 
three hours and for six horns, as given m page 34 from ‘ ‘ Sun West of the Moon,” in the Nautical 
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Almanac on the given day and yeai and we have only to compute at what luteunediate timo 
this distance will take place, which may be done goncially by diiect piopoition only, but if 
gieai piecision be lequiied, the appioximato time may be collected by the mean of second 
difFeiences. 

At 3 houis we have the distance . . » 85^ 20" 

At 6 ditto.86 46 3J 

Diifeience in 3 horns. • 1 31 17 

Obseivcd distance collected 80 16 44 1 

DifFeience fiom the distance at S horns ♦ , 0 ^1 24,1 

Then as 21' 1?" 51' 24": . . 1“ 53"M.9^7 beyond 3 houis, 

Therefoie add to this piopoitional pait . , . S 0 0 

I' iiipi*fc*iiiiMfc* .1.^ 

Gieeliwich titoe deduced f] oin d . . . =.4 53 49 7 

Time at the ship by a celestial ob&eiVcilion . . =0 29 45.0 

I fch i W II 

Approximate longitude 4 24 4 7=66° 1' 10".5 W. 

4<“ * ■ ^ I I 1^ I ^ ■ IH I ■ I 11 I a 

The longitude is xeest because the time at the ship is slower than at Gieonwich. 

7> As the tabie of corrections by means of second diffeiences is usuaily constuictod foi an 
interval of twelve houis, and oui intoival is only thiee horns, wo may multiply the second and 
fomth tenns of the diioct piopoition by 4, viz. 3'' x 4 r: 12", and 1'' 53”* 49‘.7 x 4=7'' 35"* 18’,8, 
in which alteied teims the ratio will lomain the same; and theicfoic the common table may bo 
used, if 7" 35*” 18‘.8 bo substituted, as an aigument, foi 1” 58™ 49’.7 m the following manner s 

March 14,1818, noon .... 84° 4' 7” 

lloui 3 ... 85 25 20 

0 ... 86 46 37 

9 ... 88 7 59 

* I III# I * II I'"' 11 ■ 

. Sum of 1 and 4 . , . 172 12 6 

2 and 3 . . . 172 11 57 

f lllW H ■■ IM d l ■ W l 1 ^ 

Diffcionco. 9 

Mean of second diffeiences 4.5 

Then with the aiguments 7" 35™ at the side, and mean between 4" and 5" at the bottom of 
Lunai Table 11 (Vol. 11. p, 201), we find the collection 0".5, and as the sum of the fiist and 
last distances exceeds the sum of the thud and fomth, tins small conection is to be subtracted 
from the appioxiraate longitude which will then be 4” 24™ 4‘,2. Pi ofessor Lax, who has woiked 
tins question at page 270 of his Tables to be used wlh the NauHcal Almanac, has made the 
true distance 86° 16' 45* by hM tabular operations, and consequently the coiiesponding longi¬ 
tude a;4A 24*** 7* 01 66° 1' 45". Since a small diffeionce in the distance produces a consideiable 
difference in the longitude, obtained by tins method; it is of consequence that the obaeivatious 
be coneedy taken, as well as the computations caiefully perfoiraed. 
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8 In No# XXXVIL of Mi. Biande^s Journal qf Science (Apul 18S5) Mr# Chailes Black- 
bui ne has published a convenient Rule foi dealing the Lunar Distance from the effects of parallax; 
and refraction, which is deuved fiom the preceding trigonometiical method, but in which ho 
has introduced the use of natural vei sed sines in conjunction with logarithmic tables. If we put 
D foi the true distance, U for the apparent distance, S and S* for the tuie and appaiont alti¬ 
tudes of the sun oi stai, M and M* foi the true and appaient altitudes of the moon, d for the 
difference of the tiue altitudes, and d! for the diffeience of the appaient altitudes, then the lule 
alluded to may bo cxpiessed by the following equations, of which the author has given a de¬ 
monstration VIZ. 


N (a naluial number) sm ^ {p -vd *). sin ^ . cos M. sec M\ (2 

And secondly, Nat vei sm D = iV 4-iiat ver siu d 


cos 8 




cos 



in which expressions there is no clistmction of cases. 

The operation is simple, and for oui example will stand thus, 


n = 86” Ad,' gA""j 
fir = m 12 IS 

J)'+d'=lll 6 S7 
jy- (gzz 62 4.2 13 . 


Sm |(Z)'+ d') 55” 33' 18".5 
Sm i 81 21 6 .5 

Cosilf . . 25 SO 53 

SecAf' . . 24- 4.8 37 

Cos 5" . . 48 55 5 

Sec AT . . 48 55 49 


• » 


» t 


log 9.9162807 
9.7162467 

9.9554350 
10.0417652 
9 .8176564 
10.1824499 

10.3010300 


N ... . 852833 . . . . 9.9308639 

Veismd. . 82268 (=23” 24'12") 


Voi sm of D = 935101 
2) = 86” 16'44".2 


When the appai cut distance consists of degioes, minutes, and any numbei of seconds not divi¬ 
sible, or not exactly given in the tables used, such seconds may be increased or diminished to 
a convenient even numbei, and the lejecled or boirowed quantity, may be added to, oi sub- 
ti acted fiom the true distance, after the opeiation has been completed. 

9. A thud method of computing the tiue distance of the moon from the sun, or a star, by 
a logauthrmc piocoss, is that which depends on Borda’s Theoiem *, viz. 


„ , _ cos S. cos (S—'D), cos h, cos h'. sec JfiT. sec S* 
^ cos * i (h + 10 


then, when F is known, the theoiem becomes 


sm J d = cos I (ft+ft'). cos F. 

Dr. 0. Gregory has demonstiated this theorem in his Moments of Plme and /Spherical Trigo- 

] 


4 K 


VOL# 11, 


* Vido Comimsancc des Tms for 1775* 
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n6filtei)% (pp* 17 ^-^ 179 >) th^ woi'k is ftot liable to any ambiguity^ and as the terms be¬ 
come Jill additive by adding the seeant of an angle wheJro its- dosute is to be subtracted, the 
operation is Sttfliciontly simple to be coitipi'ehendGd by maiiners, who may havo a difficulty m 
COmptehendmg the steps necessaiy for perfoiming the predoding method. We will take the 
Sftrtie example dgain foi illustrating this method, in winch the terms lepresentmg the altitudes 
and distances, appaient and true, are taken thus, yva, 

H tsfcif the appalent height or altitude of the sun^s centid, oi. of a stai, 

H' = that of the moon^s centie, 

h =stho altitude of the sun, or stai, coirected for lefiaclion, and foi paiallax when the 
sun is the object, 

?t! =: the altitude of the moon, when collected foi paiallax and lefiaction $ 

X> =; the measuied distance between the centies of the two objects, 

d = the true distance. 

When the computation is made by logaiithms, foi which the theoiem is well adapted, tlie sum 
of the vanous indices, for finding must be diminished alw»iys by 60. 


OpeiatiOn foi detci mining 


cos S . . . . 

80“ 

16' 

* « 

log. 9 2273662 

cos (8+D) . . 

6 

87 

@9.5 . • 

9.9970904 

COS /it i « * i 

48 

55 

5 * . 

9.8170564 

COS /it ■ « • f 


v30 

58 . . 

9.9554350 

see H ... 

48 

55 

49 * . 

10.1824499 

see W ... 

@4 

43 

37 . , 

10.0417652 

2 sec J (Jt + /t') . 

87 

Ig 

59 . . 

20.1977844 





79.4195475 




Subtract 00 




Divide by 2)19,4195475 

sin .... 

30 

50 

12.4=jP . 

9 .7097737 =:v/ 


Second opeialion. 


cos Z*’ ... 

30 

50 

12.4 . . 

9 . 9338065 

cos 1 (Ji + h') , 

37 

12 

59 . . 

9,9011078 

sin ^ = , . 

43 

8 

22.1 . . 

9.8349148 

and d— . . 

86 

16 

44".2 



10* The ti’ue distance, derived from this method, is less than Professor Lax^s computed 
distance by his tabulai method, as much as the preceding logarithmic methods give it in de¬ 
fect and that the comparison might be fairly made, the same diffeieucc between the lefiac- 
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tion and pajallax has been adopted, that was used by tlie Professor himself. A giteat vaiiety 
of methods, instiumental and tabidax, have boen pioposed, and partially adopted, for dealing 
the measuicd distance of the moon fiom the sun or flom a stai, which aie more or Jess con¬ 
venient accoi ding to tho length of the computation, and number of tables consulted in gaming 
the solution. Many of them depend on the small triangle, of which the sxic Mm, or S s, 
fotms the base, oi side. Dr. Thomas Young has given a comparative view of the principal 
methods of con ecting lunar obseivations, an No, II. of Nauticai. Colleciions, in Vol, IX. 
of the Quarterly Journal of Science, Literature, and the Arts, (pp. 350 t-371j) > which 
the nautical student may lead with advantage Among the methods explained, or alluded to, 
aie those of Maskdyne, Lyons, Witcheli, Dunthoino, Kelly, Mendoza, Brinkley, Boida, 
Rossel, Adams, Shepiieid, and Kiaffl., to which may be added the names of Margetts, 
Mackay, Inman, Tmnci, Gaiiaid, Wiseman, Thompson, Lynn, and others, who have suc¬ 
cessively devoted then attention and time to this interesting subject* but to enter into a de¬ 
tail of all the vauous piocesses, would enlaige om Volume much beyond the pi escribed limit. 
Poi the exeiciso of those icadeis, who may wish to piactise the logaiithmic computation of 
lunai distances, vo subjoin the data and lesulting tiue distances of six difibient setics of ob¬ 
servations, including the example we have wmked, togothei with the distances derived fiom 
Piofessoi Lax’s and Cnpt. Thompson’s Tables. 


( 

hoi 

I’s 

par 

App nil of 

0 01 >|<. 

4's 

app alt 

Appnroiib 

distance 

Trqc distance 
a 0001 ding to 

--—--- 

True distaiico 
according to 
Thompaoju 

54' 

17" 

O 

o 

55' 

49" 

24® 

43' 

87" 

86 “ 


25" 

86 " 

16 ' 

45" ‘ 

86 “ 

16' 

44" 

58 

S5 

o 

7 

88 

29 

46 

9 

28 ' 

40 

36 

5 

41 

18 

54 

41 

18 

SS 

53 

59 

* 

28 

24 

59 

61 

36 

50 

33 

SO 

21 

33 

56 

49 

33 

56 

49 

58 

36 


36 

86 

39 , 

6 

10 

10 

SO 

52 

15 

30 

1 

34 

30 

1 

34 

55 

2 

O 

52 

88 

40 

Si 

IS 

50 

56 

4 

55 

55 

32 

42 

55 

32 

42 

58 

so 


32 

& 

51 

43 

23 

38 

96 

3 

26 

: 95 

SO 

4 

95 

30 

5 


In this list of examples, the lefiaction and paiallaxcs aic supposed to bo coriecLiy computed 
by means of the piopci collections, depending on the state of the baroinetej and theimomctei 
for the foimei, and foi the lattci on the latitude foi the hoiizontal paiallax used m gaining 
the paiallax of the moon m altitude, and on the sun’s anomaly foi his hoiizontal paiallax , the 
honzontal paiallax of the moon, given in the Nautical Almanac, being that at the equator, 
may be ieduced to any latitude by out Lunar Table 4, (Vol. I p. 183.) 


A REPEllENCE TO THE WORKS OP THE DIFFERENT AUTHORS WHO HAVE BEEN 

MENTIONED. 


Borda’s method . 
Maskelyne’s . . 
Witchell’s . . 
Lyon’s . . . . 
Duntiiorne’s . 


Gonnaissance des Terns, 177^* Di O. Gregory’s Elements. 
Appendix to the Requisite Tables. 

Ditto. 

Selections fiom the Nautical Almanac, (p. Itfl.) 1813. 

Ditto, 35 ) 
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Shepherd’s , 
Margett’s . 
Keapft’s , . 
Mendoza’s , 
Kelly’s . . 
Mackay’s 
Kossel’s . . 
Turner’s . . 
Garrard’s , 
Brinkley’s . 
Adams’s . . 
Blackburne’s 
Wiseman’s 
Inman’s . . 
Lax’s . . • 
Thompson’s . 
Lynn’s . . 

CONNAISSANCE 


, Tables foi correcting the Apparent Distance; 4to, Cambridge, I 77 S, 
. Lmeai Longitude Tables, 4to, and Hoiary Tables, folio, 179 O. 

. Novo Acta Pctupobtanas, 1791 

. Complete Collection of Tables, &c, 4to, London, 1805. 

. Practical Introduction to Spheiics, 1805. 

, Theoiy and PiacUce of finding the Longitude, 2 vols. 8 vo, 1810. 

Addition to Tiait6 Elementaire d’Astionomic, by Biot, 1811, 

. Longitude in Rees’ Cyclopoedia. 

Ditto ditto. 

. Two piactical Rules and Tables, m the Nautical Almanac, 1819* 

. Biande’s Jouinal of Science, Vol. IX. p. 862 . 

. Ditto. Vol. XIX. p. 117 ., 1825. 

. Ditto. No, HI. new sciics. 

. Treatise on Navigation, and Navigation Tables, 1821, 

. Tables to be used with the Nautical Almanac, 1821. 

. Lunar and Hoiaiy Tables, 1825. 

. Nautical and Astioiiomical Tables, 8vo, 1825. 

Hoiaiy Tables, 4ito, second edit. 1828. 

DEs Tems, 1775 , 1785, 1796 ,1807, and 1808. 


It may be mentioned heie, that Dr, Biinkley gave a convenient piactical iiilc, in the Nautical 
Almanac of 1825, for computing the latitude at sea fiom the obscivalions made in the lunai 
method of finding the longitude, and that Pi of'essoi Lax has shown how both the latitude and 
time may be computed in like mannei, in the Nautical Almanac of 1829. 




J XCY ON THE OCCULTATIONS OF STARS BY THE MOON. 

1. When we computed several new tables of lunar paiallaxcs and published them in our fiist 
volume, we exemplified the methods of obtaining their quantities undei dilTeient cncumstances, 
and in the Appendix lectified some eriois, but defeircd the application, till wc should have oc* 
casion, in oui second voluino, to tieat of the computation of occullations of the zodiacal stars 
by the moon, which subject now claims our attention. As different authors have pioposed 
peculiar methods of computing the immeisions and cmeisions of stais, and as we aie not awaie 
that any of them have compaied the lespective results obtained by all the methods, we have im¬ 
posed on oiuselves the laboui of woiking the same example by the different methods, that the 
leadei may judge foi himself which is entitled to ptefeience, on the scoic of both conciseness 
and accuiacy. In peifoiining this impoitant and difficult pait of om woik we have been 
favoured with the valuable assistance of a foieignei*, whose skill in mathematics, and whose 
habits in computing astionoraical phenomena, peculiarly qualify him foi the undei taking j and 
we trust that the English reader will paiticipate with ouiselves, in the feeling of gialitude, 

* Mt Mossotti, formerly of the Obsoivntory of Milan, but now Professor of Mnthomatics at Buonos Ayjcs 
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With which we aclmowlcdge the scivice that he has done to the astionomica! compntist. The 
best way of arranging the chffeicnt methods of computing the occultations of stais by the moon, 
will be by that soit of classification, which arises out of their refei once to paiticnlar gieat 
cades of the spheie respectively. The gieat elides commonly employed aic 1. the hoiizon 
and meiidian of the place of obseivation, 2. the equator and the coliue of the equinoxes, 3. 
the ecliptic and the coluro of tlio equinoxes; and 4. the moon*s oibit and a ciiclo pcipendiculai 
to it, Our plan is, to exphun and exemplify the fom methods of computation that have rc- 
feience to these pans of gicat cncles, in successive sections, both in the case wdion the time of 
immeision oi emeision of a stai in a visible occultatioii is lequued to be computed, and also, on 
the contraiy, when the exact time of a conjunction is lequircd to be known from an observed 
occuUation. Both in explaining the methods, andniwoiking the examples, caic has been taken 
to leiidei the formuloo employed coucct, and to lepeat the operations, till the lesults come out 
tiuly, within the precision of a bingle second, for though the lepetitions may appear tedious, 
yet they become necessary, wheic gicataccuiacy is piofessed for the piupose of comparing the 
final lesults of the diffcient methods. 

2. The First Method of computing Oomltations qf the Starsy mz by the AlUtudes and Azimuths^ 

When the places of the two luminanes have icference to the hoijzon and meridian, they 
aie denoted by then altitudes and azimuths* Lalanclc in hia TiaiU Asivonomie^ (Tome 11. p. 
890) and Mi. Heischcl in the Memoirs of the Astionomical Society of London (Vol, I. p, 325) 
liave each given a method of computing the occultations of stais, by employing the paiallaxes 
in altitude and azimuth j as the lattci method is the more simple in its punciples, and also re¬ 
quires fcwei data, we will adopt it in prcfeiencc, and give an example, to illustiate its rules, at 
full length. This method is giounded upon the following lulcs; 

L Fiom the inoon*s light ascension, as given in the Nautical Almanac, (if foi Greenwich,) 
and the appaient light ascension of the star on the day of occullation, compute the moment of 

tiue conjunction in light ascension to the nearest minute; 

II Compute the leal apparent zenith distances of the moon*s centre and of the star at the 
instant of conjunction in K. A,, applying to the moon the collections for parallax on account 
of the caitlfs clhpticity by the usual foimula, oi fiom Table 20 in page 256 of oiu volume I ♦ 

III. Compute the apparent azimuths of the mooifs ccntic and of the stai for the moment 
of conjunction, collecting that of the moon for the eaith^s elhpticity, by the piopei formula, oi 
by Table 25 in the page above leferied to The azimuths must be leckoned fiom the north 
eastward, and if the object be west of the meiidian, its azimuth must be legarded as greater 
than 180° 

IV. Determine, fiom the azimuths and zenith distances thus found, whether the occulta- 
tion is likely to be accelerated or ictaided by the effect of paiallax, if doubtfid, leave it un¬ 
decided 

V. Repeat the computations of zenith distances and azimuths foi an hom before the 
moment of conjunction, if paiallax be likely to accelerate the occultation, but for an hour qfter 
that moment, if it be likely to rciaid it, oi if it be dubious, which may be the case 

VI* The zenith distances and azimuths of both luminanes being computed for two 
instants of time, at an inteival of an hour fiom each othei, let the earliest ot these instants be 
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assumed foi an ep6ch. Let Z and z denote the lespective zenith distances (apparent) of the 
moon and stai, and A, a, then azimuths at this epoch, and let the same Ictleis accented denote 
then values at the beginning of the subsequent houi: 

VII Compute « and ^ m seconds of space by the following formula;, 

/3 s . sin s'— (A - a) sin is 

VIII. Compute P and Q thus 

P= (Z^z). . sm ;k'- . (A~a) . sin a. 

(Z—z)+0 (A—a) sin z 

^ p ^iiiiiii h I ,,pp ^1 , t, ^ a 

Then will P be an aiccxpiessed in seconds and equal to the le.«t distance of the star flora the 
moon’s centie, and Q will be the time, in the fiaclion of an lioui, fiom the given epoch, when 
the miminuin distance is attained, and this time added to oi subtiacted fiom the epoch, ac- 
coidrag to its sign, will give the moment of nearest appioach, which, in oidinaiy cases, is the 
same as the middle of the occiiltatioii, 

IX. Compute, flora the Nautical Almanac, the moon’s scinMliiimetor at the last de- 
teimined instant, and collect it foi the augmentation, then, when so coriccted, call it g, and if 
f be less than P theic will be no occullation, 

X. The somi-duratioii of the occultation, in all ordinary cases, will then be expiossed, in 
the ft action of an houi, by 

and thiB added to, and siibhacted ftoin the time of the middle of the occuUalioii, will givo the 

moments of cmeision and immeision lospeclivoly. When cxiicmo precision is icqiuicd, the 

computation must be lopcated, assuming foi the new epoch the moment of the ncaic&t appulse 

now found, and, instead of an hoiu^s intoival between the fiist and second instants, allowing 

only ten minutes* In tins le-eompiitation the value of Q will bo a fi action of only ton minutes, 

and tbeieforc if the value given by tho formula be multiplied by 10 , Q will bo expressed in 

minutes, wliich must be applied, with the piopei sign, to the fiist, or appioximate time of the 
neaiest appulse. 

3. the purpose of exemplifying tins method of computing an occultation, let 

it be lequiied to compute the fiist occultation that was visible in the ycai 18g(3 at Gieenwich, 
agieeably to the data given in the Nautical Almanac of that yeai, vik. that of ^ in? 

Accoiding to the elements given at page 181 of the Nautical Almanac of 1826 we have 
the following computations legistered, 

, D's conjunction with J m in E. A, Jan. 31,1826 17 “ 86* 

D^sand * *s right ascension.15 50 4 

’ D's declination.@r 0 ' 48" S. 

*s declination • ... 7 1 S. 
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The moon's meiidian passage as given at page 6 is at 18" 56“ at the moment of true conjunc¬ 
tion, thcrefoic she wiU not have reached the meiidian, and will be in the cast; so that the 
effect of paullax towards the east will be to depicss her and piobably to accelotate the occnlt- 
ation, we must then, accouhng to die lules IV. and V., compute the moon’s second place 
answeiing to an hoiu eailier. By mteipolating the moon’s places taken fiom the Nautical 
Almanac we find foi an hour before, or 


Jan. SI. 


16" S?"* 26 ’ 


f p’s B. A. . 
{ p’s dccl. S. 


15" 47“ 36* 
20" 56' 17" 


Also the sun’s light ascensions deduced fiom the Nftutical Almanac (pages & and 4) are 


Jan. 31. 16" 27™ 26’ . . o’sE.A. . . 20" 57" 18’.7 

1727 26 . . 0*8 E. A. , . 20 57 28.9 


If fiom these light ascensions wo subtract the coiresponding ones of the moon and star vve 
shall obtain 


Jan. 31. 10" 27'* 26’5 ® ® ‘ * * 

C ♦ — © ... 

17 27 26 p - © and * - © 


18 50 17.3 
18 52 45,3 
18 52 35.1 


Which quantities subtracted from the two apparent limes, or sun’s hormy angles, give the 
moon’s and stai’s horary angles thus; 


Jan. 31. 10" 27 “ 20' p's hoi ary angle ... 2" 22" 51'.3 E. 

♦ ’s horary angle . . . 2 25 19,3 E. 

17 27 26 p’s and >f« *s horary angle 1 25 9.1 E. 

Tliese horaiy angles in lime may be conveited into space by the 'time Table at page I 09 of 
vol. I., thus, 


2" 22' 

‘'51'. 

3 

1 

2" 25" 19'. 

3 


1" 25" gM 



2" . . . 

80“ 

O' 

0" 

2" ... SO* 

O' 

0" 

1" ... 15" 

O' 

0" 

22’" . . 

5 

30 

0 

25" . . 0 

15 

0 

25" . . 6 

15 

0 

51" . 


12 

45 

19’ . 


45 

9’ . , 

2 

15 

0.3 



4.5 

0.3 


4.5 

1 0.1 


1.5 

p’s hoi, angle 

35* 

42' 

49''.5 

♦ ’s hor, angle 36“ 

19 ' 

49",5 

, p ’s&s«*shor.an, 21“ 

17 ' 

16". 5 


With tliesc horary angles, the declinations above given* and tho latitude of Greenwich 51* 28' 
40", the following zenith distances and azimuths havO been computed by the well known 
foimulte, VIZ. 


J 
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78* 53' 19".3 
14)6 14 51 3 
80 U 47' .2 
146 9 9.6 

74) 51 34.9 

159 26 44.1 
75 55 57.8 
159 42 43.4 

According' to the uiles IL and III,, we must apply the collections foi paiallax, both to the 
moon’s distances and azimuths, having legaidto the eaith’s ellipticity. 

The two equatoiial horizontal paiallaxes given in the Nautical Almanac of 1826 aio 

Jan, 31 . . 16'' 27"' 26’ . . equatoiial hor, pai. . , 58' 46".7 

17 27 26 . ditto. 58 45.9 

These paiallaxes, i educed to the radius of the paiallel of latitude by Lunar Table 4 (page 183) 
with the compiession tov and latitude 51° 29', have the tabulai collections 7" and 6".9 lospcc- 
tively, which being subtiacted fiom the equatoiial paiallaxes given above, will leave foi 

I 

Jan. 81 . . 16" 27™ 26’ , . hor, pai.58' 39" 7 

17 27 26 . , hoi, pai. 58 39«0 

To find the moon’s paiallaxes in altitude coucsponding to those hoiizontal paiallaxes we must 
enter the Lunar Table 8 (page 188) with them as aiguments at the top, and with the altitudes 
as aiguments at the side, and we shall have 


Jan, 31 . , 16" 27“ 26 


17 27 26 


a’s Z. D 
azimuth 
>(<’s Z. D. 
azimuth 

»’sZ. D. , 

azimuth 
*’s Z D. 
azimuth 


A- « 




Tab. 8 
Tab. 8 


Top aigumcnt 
Side aigumcnt 
Top aigument 
Side aigument 


58' S9".7 
11 “ 7 ' 

58' 39".0 
15“ 8' 



parallax m altitude 


57' 33".7 
56 37.0 


4>. As the aigument of the table is the apparent altitude of the moon, as viewed fiom the 
surface of the earth, and we have employed the tiue altitudes as seen from the centre, wo must 
reduce the appaient altitudes, by means of the paiallaxes now found, and repeat the compula* 

tlon of the corresponding paiallaxes, oi take them again from the table with the altered alti¬ 
tude thus; 


Tab. 8 
Tab. 8 


Top argument 
Side argument 
Top argument 
Side aigument 


58' 

10 

58 

14 


39".7) 

9.0) 
89 .Or 
11 . 0 ) 


parallax in altitude 
pai allax in altitude 


57' 4.4".7 


56 51.5 


These parallaxes of the sphere must be again reduced for the spheroid on account of the eaith’s 
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ellipticity, which pioduccs also a small paiallax in azimuth to be yet applied. The Zodiacal 
Tables 0.0 and 05 (page 256) supply these icducfcions m the following mannei f 


Tab. 20 
Tab 20 


Tab, 25 


Top aigiunent 
Side aigumcnt 
Top aigumcnt 
Side aigument 
Aigumcnt 
Aigument 


33°.8 
10 .1 



1 eduction of patal. in alt. 





20 ,6-i 

U .1) 
33 .8 
20 .6 


1 eduction of paial. in alt.--2“.6 

paial. in azimuth . —6".2 

painl. in azimuth . . — 3".9 


Those parallaxes in azimuth aie computed in a paiallel winch passes tluough the point indi 
cated by the moon’s altitude, and should bo divided by the sine of the moon’s zenith distance 
in 01 del to 1 educe them to the hoii'/oii. 


5. By applying all the ieductions hitlicito found we shall now have 


Jan. 31 


16'* 27" 26’ 


17 27 26 



3) ’.s appaicnt Z. B. 

79 " 

51' 

2".3 


app. azimuth 

146 

14 

51 .3- 

6".2 




sm z 

!>’s appaient Z. D. 

75 

48 

23.8 


.app. a/unulh 

159 

26 

♦! *- 

3“.9 
sm %' 


These aic the moon’s appaicnt zcmtli distances and azimuihs which, togclhci with those of the 
«tai above found, must now be employed in the cxpiessioiis of «, /3, P, and Q, and wo shall 
then have 


Z-~z= 79° 51' 

2".S. 

-80° 11' 


-1244''.9 


cn: 146 14 

51.3- 

6" 2 

- --140° 9' 9".6:=5 41,7- 

sin z 

6.2 

sin z 


Z‘-z'= 75° 48' 

23".8 

-75° 55' 

57" 8 = —7 34.0=- 

■ 454".0 


A'-a'z:159 26 

44.1 

-- ’^,-159“ 42' 43''.4=-15' 

hm z 

3".9 

59‘'.3-—, 

.sm z 


and likewise 






Log 5' 41''.7 = log 341",7 . 

■ ^ 

2 ..53364 

Log-15' .59".3 = log 

-959".3 . = 

2.98195 

Logsin88° 11'.8 .... 

. = 

9.99361 

Log sin 75° 50' 

^ ^ 

9.98678 

Number 33G''.7 . , , . 

♦ ♦ 

2.52725 

Numbci — 930".5 . 

« • * « 

2.96873 


* When we reckon tlic <i/imuths nccouling to llie Ilulo III ,tho reduction of pninllnx in nllitndo must bendekd to the 
»phcncal pnralinx wlicii the o/imnlh is in tlio hist onil fointli quMlionls, or wlicn llio moon Is north of the hoiiron, and 
subtracted in llio seeuiid iind tliiid (jimilrnnts, or when sho is south of the hoiizon TJio pfiiallftx ni n/uniith is positive m 

tlic Inst two qimdinuls, or wlien the moon is iii the west, imd negative iii the first two quadrants, oi when she is in the 
east 

4 L 


voii n. 
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Theiefore 

sm ;k=: 88G".7-6''.3= S80''.5> , f« - ~4M<".0 + 1244.".9= 790".9 

sin «'=-930.5-3 9 = ~934.4) t/3=:_g34.4- 380.5 = 1264.0 

From whence we deduce 

1244.9 / 934.4 + 454.0 x 330 .5 
s/{ (790 9)‘ + (1264 9T } 

790 .9 X1244 9 +1264.9 x 330 .5 
® “ { (790.9)‘ + (1264.9)*} 

The computation of these cxpiessions may be peiformed by logaiithras in the following man- 
nei, viz. 

2 log 790.9=5.79624 numbei 625520 
2 log 1264.9 = 6.20411 nuinbei 1600000 

(790.9)‘ + (1264.9)* . . . 2225520 . log=6.34743 

^ log=S.17376 

log 934 4 = 2.97053 log 790.9=2.89812 

log 1244.9 =3.09513 .... 3.09513 

1163200 6.06566 984580 5.99325 

log 454.0=2,65706 log 1264.9 = 3 .10206 

log 330.5 = 2.51917 . 2.51917 

150050 . 5 17623 418050 5.62123 

. liThl I n 

1313250 6,11835 1402630 . 6 14694 

ai. CO. 6,82624 ai. co. 3.65257 

log P=2 .94459 Q=0.03025 . 0.79951 

The tune Q, which la expressed by the fiaclion of an hour, being icducod into minutes and 
seconds, and added to the epoch, will give the moment of the ncaicsl approach, accoidmg to 
rule VU., thus 

Q= 0 " 87 "' 48*.9 

Epoch = 16 27 26 

Time of the neaiest appioach = 17 5 14 .9 

The moon’s semi-diaineter conesponding to this time, as given by the Nautical Almanac, will 

be 16 ' 0",7» and by the Lunar Table VII, the augmentation con esponding to the piopei aigii- 
ments will stand thus 
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Top Argument 16' 0 " 7 > 
Side Aigument IS® 4<1' ) 
We shall now have g =: 16 ' 4" 3 

f = 964".3 ^log 5.96842 . 

2 logP=5.88918 . 


Augmentation S ".6 


. f* =: 939870 

P‘= 77478 O 


= 155090 
Ar. Co. log («* + /3*) 

Numboi 0.36398 


. . log 5.19058 

. . 3.65257 

» I . . . 1^^— 

3)8 .84315 
. . 9.43157 



This last numboi locluced into minutes and seconds, and. subtiacled fiom and added to the 
time of the neaiest appioach just found, will give the tunes of immeiaion and eineision neaily 
as follows; 

Scmidinationt=: 0 .26398 . . = 15"’ 50*.8 

Time of neaiest appioach . . 17 ” 5 14 ,9 

Time of the immeision . . 16 49 34 .6 

Time of the emcision . . , I 7 31 5.3 


6. These tunes of immersion and omcision, however, are only oppioximale, and must be 
collected by taking a shoit inlcival, as five minutes, instead of an bom, and the operation 
must thcicfoic be icpcated with this new intcival. If wo begin with the immersion, and ui- 
teipolate for the times I 6 " 44"' 24‘.6 and 16" 49"' 24*.6, wc shall have the moon's light ascen¬ 
sions and declinations as follow, viz. 

16 " 44™ 24‘ 0 . . »’s 11. A. . . 15" 48“ 17’.81 

s’s Dcchn. . 20“ 57 ' 34".7 

16 49 24.6 . H'sR. A. . . 15" 48"" 30M4 

J) 's DccJin. . 30“ 57 ' 57''.4 

]'’iom these light ascensions, and fiom those of the sun, which are 

16" 44™ 24*.6 . . ©’sR. A. SO" 57™ 31*58 

16 49 24.6 . Ditto 20 57 33.43 

we deduce the moon’s and stai’s hoiary angles in space at the same times, 

10" 44™ 24*.6 . . »’s hoi. angle 31“ 37' 54" 4 

16 49 24.6 . . Ditto 30 25 46.6 

16 44 24.6 . . it! ’s hor. angle 32 4 27 .8 

16 49 24.6 . . Ditto 30 49 14.3 


With these hoiaiy angles, the latitude of the place, and the declinations above given, the fol¬ 
lowing zenith distances and azimuths aie now obtained, and must ho substituted for those 
befoie used, thus 


4 L 3 
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16" 44" g4'.6 < 


16 4.9 24. .6 < 


r 

3) 

’sZ.D. . 

77° 

S3' 

52" 0 

j 


Azimuth 

149 

53 

57.2 



’s Z D. . 

78 

47 

S3 .7 



Azimuth 

149 

54 

0.7 


P 

*s Z D. . 

77 

12 

3.7 

j 


Azimuth 

150 

59 

15.6 

i 

1 


’s Z. D. 

78 

24 

28.1 

1 

L 


Azimuth 

151 

1 

4.5 


The paiallaxes now to be applied have been taken fioin the same tables as befoie, and aie a» 

follow, VIZ. 


16 " dii" 24* 6 Spheiical paral. in alt. . . 

lleduction for the caith’s clhpUcity 
Parallax in azimuth . . 

16 49 24.6 Spheiical paiallax in altitude 

Reduction foi the eaith's elhpticily 
Paiallax in aziinulh 


57' 

- 1.95 

- 1 57 
57 24 .56 

- 2.02 
- S 70 


We shall now have the appaient zenith distances and azimuths of the moon coirocted as follow, 
viz, 


16" 44“ 24'.6 . . 

b *s appaient Z. D. 

. 78 “ 

31' 

19".0 


appaient azimuth 

. . 149 

53 

57 . 2 -"-Z 

sin z 

16 49 24.6 . . 

b’s appaient Z, D, . 

. . 78 

9 

26 .2 


appaient azimuth 

. 150 

59 

15.6 


sin z 

Hence we have 

Z~« = -974".7 S".5— 

81U Z 


and then, 


2?-«'=:-.902 2 


^'-a'=:-108 .9 


5.7 
sm Z' 


(A-a)^sinz 8mZ=-9'.l «=72.5 (3=:-103.2 

y'sm sm . 2 '= — 112 ,3 
And at last 2’=:974 >7 x 112 3-902.2 x 9.1 

v^{(72.5)‘ + (103‘:2)‘ 


^_72.5x974.7-103.2x9 1 

“ {(72.5)‘ + (loOTl ^ 

* In these formutm wo have substituted the product sin ? sui Z for the ihetor sin ft, employed in the foiiiiult of 

lliile HI, because the former gives a more accurate result in some coses, tliough in the present inslniice the difloicm.# is 
vwy tnfling* 
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(»2') 

By the computation (m logaiithms) of these last two quantities we obtain log ,90d<60, 
and Q = .4i384']. 

The value of Q multiplied by 3, the inleival in minutes, gives 

Q= 0" ai™ dS’.^S 
Epoch ...... 16 44 24' .OO 

Middle of the occultation 17 6 19 .83 

7. The moon’s nugmciited scmi-diaracloi ought to be computed, in this lepetition, for the 
appioMinate time of the immeision, but when gioat exactness is the piincipal object of the 
computation, the .lugmontation given in Lunai Table 7» being computed fiom the flist teiui of 
an equation, will lequiic a small collection depending on the second toim, foi giving winch the 
small Tables subjoined to the woik of this fiisl method, weio computed, ns being supplemental 
to the Lunar Table 7* 

Thus in the piosciit case \vc have the nioon’.s liuo scmi-diamclei at 10" 4)7'" fiom 

the Nautical Almanac. ....... =16' 0''.90 


Augmentation foi the alliUulc 11° f29', fiom Table 7. 3 .27 

Ileduction fiom the subjoined supplcniental Table (page 631) ..... 0 .I't 

Moon’s appaicnt somi-diametci ... .. IC 4i.31 


Eioin this scmi-diamclcr and the values above stated \vc deuiico --r—= •d'2839, which 

» + P 

niiinbci being multiplied by 3, and expicsscd m minutes and seconds, becomes 21’" 10*.77» and 
this time being subliacted fiom that of the middle of the occultcition gives lO" 4 k 5"' 9’.1 foi the 
true tunc of the unmoision. 

The appioximale tunc of the cineision, viz. 17'' 21'" 3*,Q, being only O'" 20’,8 less than the 
tunc of conjunction in B A., wincli wc have seen is 17'' 27 '" 26*, we will, foi the purpose of , 
finding the tunc of cmcision, use the intoival 0"' 20'.S, instead ol 5” os we did foi* the immei- 
sion, and making the (oimei of these tunes the epoch, we oblom the moon’s light ascension, 
declination, zenith distance, and a/.imulh coricsponding theicto, agiceably to the numbcis com- 
puled below, viz. 

Jan. 31. . . 17" 21"' 3\2 J>’s II. A. . . 15" 49’" 8*.3 

Declination 91" 0' 19". 9 

Z.D . . 73 11 49.3 

Azimuth , 158 0 44. .9 

:(c’bZ. D. . 70 17 18.4 

Azimuth . 158 14 16.5 

The parallaxes that must bo applied to the moon’s place aie 

1 

The spliciical parallax of altitude Born Lunar Table 4 56' 56*.5 

Ileduction foi the eaith’sellipticity fiom Table 20 .. . — 9,5 

Parallax in azimuth fiom Table 95 (page 258) , . . . ♦ — 4.4 
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With these parallax^ via obtaitt the ittoon’s appai ent zetiith distance and azimuth thus, 


j’s apparent Z. D. * ^ . 7®' 


8' 48".3 


appai ent azimuth 

And therefoie the diffeiences will be 

Z‘-z:z-8' 35"! =515".! 


158 0 44.9 


4" 4 


sin z 


(d—a) y^sin z sin Z=: -"792".6 


8. Tliese values and those above found in the first appioximation, viz 


Z^k'= -454''.0 


(A'—a') ^siii z' sin Z'~ —934\2 


substituted in the expiessions of P and Q, give 


P = 


Q = 


515.1x934 2-454 O x792_G 
yX { (61.1)* +141 6)* 

61 1x515.1-141.6x79^.6 


(61.6)*+ (141.6)* 

Fioin which we deduce log PrsO ,55853 and Q=: 



The inleival between the epoch and second instant being 6“ 20‘.8 =:380’.8 wc must multiply 
the value of Q heie found by 380,8 to obtain the piopei numbei of seconds to be subti acted 
fiom the epoch, and then we shall have 

Epoch 17 ” 21"' ^*.2 
Q . 21 31.7 

Middle time of the occullation 16 59 33,5 


Tile moon’s tiiie semi-diamclei 16' 0".7, h.iving been augmented by the tabuliu (|uaiilities 
taken from Lunai Table 7> and the small Supplemental Table subjoined (page 631) becomes 
16' 4".8, and by this value of g and that of P just found, we lastly obtain 

This numbei, being also multiplied by 380’.8, gives 22“ 57’ 9 to bo added to the middle lime 
above wiitten, and the sum blings out the coiicct in,stunt of cmcision 17" 22“ 31',4 in appaienl 
tune at Gi cenwich 


9 Supplement to Lunar Tahle 7j Vol, I, p 186. 

Let D denote the moon’s Serai diametei; A D its augmentation, e a conslnut numbei 
expiessive of the latio of the moon’s piuallax to bci semi diametei when divided by the ladius 
expiessed in seconds, and A the moon’s altitude, then the Lunar Table 7 affoids the value by 
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the foiinula A D—D^ t sin A to the neaicst hunchedth part, but this formula is oply the first 
poition of the whole foiipultv that is nccessaiy to give the value tmly, even to the neaiest tenth- 
jt is leqiasito thoiefoie to nso one of the two following forinultc, viz- 

I 

D’ i 

A D = I>* 6 sm (3 sm‘ a-l) 

D* 8* 

Oi, A JD=D 6 sm A +—^ A t-1) 

m which a denotes the true altitude of the moon, and A the ajipateni altitude. The two fob 
lowing .small tables give the values of the last term oi' each of the two formulm respectively 
The lust table gives the collection to be applied to the iiumbci taken fiom table 7i when we 
make use of the Ime altiUido, and the second when wc make use of the a^piJarent altitude. 


10 . Tablivs conlaiimig Ihe second term qf the Aug^nenlaUon of the Moon's semi-dimieteu 

lllUE ABTITUDL. APPAllBffr ALTITUDE. 


few 1 

D's line ! 


w >,>»»•-. 

j)"s truo 

Alt 

soini-tlmTiiolei 


Alt 

scmi-diamtitcr 


14' .80" 

17 ' 0" 


■4wv-4l y 

14' SO" 

17' 0" 

0” 

-0".10 

-o"i7 



0".10 

0". 17 

10 

- 0.09 

-0.15 


10 

0,11 

0.17 

20 

-0 .07 

-0.11 


20 

0 12 

o.ig 

,30 

-0.03 

“ 0«0^1 


30 

0.13 ! 

0.21 

40 

0 .02 

0 04 


40 

0.15 

0 .24 

.50 

0.08 

0 18 


50 

0.17 

0 .27 

60 

0 18 

0.21 


60 

0.18 

0 .29 

70 

0 17 

0.28 


70 

0.21 

0.32 

80 

0.20 

0.32 


80 

0.21 

0.33 

90 

0.21 

0.34 


90 

0.21 

0.34 

i^iTYi 1 arf 


V 

1 

hn Bife ■ 

, 

^ -iT 


11. The Inverse Ft oblem, or compuiation of an obset ved occtiUatton hy the Altitudes, 

We come now to consulci the invoisc pioblom, by the method of altitudes, nnd to show 
how the tune of the tiuo conjunction, oi neaiostappioach oftlio moon to a stai, may be de¬ 
duced fiom an ohs&ved occnltalion. A solution of tins problem, in which the paialiax in alti¬ 
tude only IS employed, has been given by Di. Thomas Young, m the Nautical Almanacs of the 
ycais 1820 and 1827, which foi its concisenoss merits our attention, and may in seveial in¬ 
stances be usefully employed. As an example foi illualiating this method, we will give the 
same occultation that fimnsliod data for oui pi ecediiig computations. The immersion of $ m, 
as wc have alicady seen, is computed to happen at Gieenwich on Jan. 31, 1826, at 
iff' 45”’ 9M . now supposing this to be an obseived occultation, let us determine the instant 

of the moon’s neaiest appioach. 

The authoi supposes that the dilEnence of the appaient altitudes at the moment of im* 
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meisiou, 01 at least that the moon's altitude has been obseivedi In oiu example this last alti¬ 
tude, collected foi lefiaction, ought to be 11° 31' 58". The following aie the othex elements 
which must be eithei piepaied, oi taken fioin the Nautical Almanac. 


Appaient time of the obseivatioii 

Iff* 

4.5“ 

9M 

O’s light ascension at the same lime 

20 

57 

21 7 

Right ascension of the mid-lieaven 

13 

4.2 

SO .8 

i ni's light ascension 

15 

50 

4 . 

i tn's lioiaiy angle . . . 

2 

7 

35.2 

i ni’s decimation. 

22 ° 

r 

1"S 

's paiallax m altitude « . . • 

0 

57 

27 

D's apparent semi-diametei . . . 

0 

16 

4)3 

Diff. of dechn between moon and stai 

1 

6 

iSN 

Polai oibital angle.. 

S82 

4.0 

OPl 


These elements being piepaied coiiectly. 

Rule I Compute tlio altitude of the stai by means of the hoiaiy angle, the declination 
above given, and the tiue latitude of the place, winch may bo done by the following piocess, viz 


H.A.= 31° 53' 18" . . log‘sin‘iI-IA. = 9.1787^9 

Dec. ;=7 1.log cos dec . =9 906807 

Lat. = 51 38 40 ... . log cos lal. . =9.794361 


Nat. Number ... . -0.087080 

Sum of lat. and dec 73 ° 35' 4<1" cos 0.282430 

8 939917 

Sm alt. . . . 

• • • • =0 195350 *'salts 

11° 1.5' 

55 


&'s obseived altitude 

11 31 

58 


Diffeiencc of tlio altitudes . . 

16 

3 


J's pai alhix m alt. add . . . 

57 

27 


Difference of the tiue altitiulcs 

73 

30 


Rule II. Having found the diffeience of the tiue altitudes hoin the diireience of tne ap- 

paient altitudes combined with the paiallax of the moon in altitude, add logcthei the acpiaresof 

e semi lametei propeily augmented, and oi the diffcicnce oi tholiue altitudes, and subtiact 

t e squaie of the difference of the appsicnt altitudes, the lemanidei will be the sqiiaie of the 
true distance Thus 


The semi-diametei . . 

^ ’ f 

Difference of tiue altitudes .' , 
Difference ofappaicnt altitudes 


Tiue distance 




16' 4".3=96T3 squaicd . . = 929875 

73 30 =4410 squaiccl . . 194-4!8100 

16 3 = 963 ai. comp of squaie 99072631 




sqiiaicd .' . 


t 


i 


4 


4 


19150606 
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lluLD III 1^1 om the diftbience of clecUnations at the conjunction, i educed in the ratio of 
tlie ladius to the smo and cosine of the oibital angle, wc obtain the neaiest distance of the stai 
fiom the 01 bit, and the distance of the ncaiest point of the oibit fiom tho point of conjunction 
In the Nautical Almanac foi 1827> and for the succeeding ycais, wo find these arcsieady 
computed The squaic of tho ncaiest distance subtracted fiom that of the tiue distance^ gives 
the squaio of the oibital distance fiom th6 point of ncaiest appioach, winch, being convcited 
into time by means of the moon^s houily motion, and applied to the time of immersion oi 
emeision, will show the iiue time of the neaiest appioacli, to bo coinpaied with that of the 
Nautical Almanac 

12. In oiu example wc have, fiom the elements of the Nautical Almanac, 

Ncaiest distance G6^ IS" sin* 82“ 40'=: * . * S940".5 

Time of tho neaiesl appioacli • « • * 17 ^‘ 41”’ dT 

Consequently ncaiest distance squaicd • » . . 15527540 

Tiue distance sqiuued . • 19450G06 

- " ■—■——- —f 

Diff fiom the noaiest point 1980 *7 squaiocl . . • i S923OG0 

Now the hoiuly motion being 34/ 51", the distance 1980".7 = 33' 0".7 becomes equivalent 
to 50’” 50^ which time, added to the time of obscivation, vm. 16‘’ 45*” 9M# gives the tune of 
the ncaiest appioach = 17^‘ 41*” 59M> m peifcct accoulancc with that deduced fiom the Nau¬ 
tical Almanac Should a difference bo found in any case, it must be consideicd as an euoi 
oi' the tables, oi of tho observation. 

13. iJemarA.—With respect to tins method wc ouglii to notice, that it should never be 
employed when tho moon is veiy neai the zenith , and when extiemo accuracy is icqimcd, it 
IS neccssaiy to subtiact fiom the squaio of tho diffeicnco of the tiue altitudcfi, the icduction 
given by the subjoined foiinula, 

$ 2 } tang 

wheie d denotes the appaicnt semi diametei of the moon, 
a hci appaient altitude, 
p hei paiallax in altitude, 

q the paiallax of Azimuth as given by Zodiacal Tabic 25. 
a the altitude of the stai, 
s the sine of a second, 
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J XCVI THE SECOND METHOD OP COMPUTING OCCULTATIONS OF THE STARS, 

VIZ BY THE RIGHT ASCENSIONS AND DECLINATIONS 

1 If we suppose any two great cades to cross one another at right angles, in any direction, 
at the place of a stai to he occulted, and if we call m and n the cosines of the aics which unite 
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the poles of these two ciicles with the tiue conlic of the moon, and ^ and f the cosmos of the 
aics which unite the same poles witli the gcocentuc zenith of the obseivci, wo shall have at 
the moment of the immeision oi emeision, the equation 


n ) (w ■- - (n—=sin* d 

where w denotes the sine of the horizontal paiallax, and d the liiio scini-diainotci of the moot) 
This equation has been deduced by analysis, expiessing the condition, that ll)o moon, con« 
sideicd as a splieie, should at the moment of imincision oi cincision, have as a tangcnl tlie 
stiaighthne pioceeding fiom the eye of the obsoivci to the stai, and as no limilution was iii> 
tioduced m the analysis, the above equation may be consideicd as matlicmatically accuiatc. 

If Ave weie to constiuct a %me to icpiescnt the icsult of oiu equation, by assuming foi 
the plane of the cooidmates, a plane passing lliiough the moon’s loal centie, and pcipoadiciilai 
to a stiaight line pioceeding fiom the ceiitic of the caith to the stai, and ibi then axes the in¬ 
tersections of this plane with the planes of the two gieat cuclcs tha£ wc bcfoie supposed to be 
mossing one anothei, we ina}'’ easily peiceive. 

Fust, that m and n lepiescnt the cooidmates of the centie of the moon in paits of Iier geo- 
centiic distance fiom the caith talion as unity j 

Secondly, that and %v lepicsont the cooidmates of the point whcic the obscrvci piojecta 
the stai upon the said plane , 

And thiidly, that thciefoic and n—n aie the cooidmates of the moon’s ccntic, iil¬ 

lative to the point wheie the stai ispiojecLcd, and that, accoiding to oui equation, at 
the moment of an iinmeision oi emcision, these iclative coouhimtcs aio the legs of a 
right-angled tiiangle, of which the moon’s tiuc senii-diamctoi i.s the liypollicnusc. 

Fiom this leasoning it clcaity appeals, that oiu analysis has led us to the same Jesuit pto- 
duced by Cassini’s method, commonly called the method of (oi by) jiiojoctions *, 

In the foi inula wo have given thcic is a peculiauty that may icquiio some cxplanalioii, 
which IS, that the computation of paiallaxos is pcifoimed by employing the plane of the star, 
instead of that of the moon. As the leason of this wc may obsoivo, that, at tiic moinoni of 
theimraeision oi emeision, the point of the moon’s limb which appeals in contact with the 
stai, has the same altitude as the stai, so that if we apply the paiallax 1o it with a continry 
sign, we shall obtain the tuie position of that point of the moon’s limb, which wiU be distant 
flora her centic by a quantity that is just equal loliei semi diamelei. Du Sojour was, wo be¬ 
lieve, the first pel son, who by his analysis ai i ived at a piocoss, which has the advantage of 
employing the tiue seini-diametei of the moon, lequiimg no augraontatiou on account of her 
altitude, and of icndeung the venations of paiallax such as depend on the hoiaiy angle of the 
star, the place of which may bo consideied immutable duung an occultation. By choosing, 
foi one of the gicat ciicles above-mentioned, the ciicle of the stai’s altitude, decimation, or 
latitude, or a cncle peipendiculai to the moon’s tiue oibit, we may obtain cUnbicnt solutions 
of the pioblem of an occultation of a fixed stai by the moon, in which the paiallaxcs of alti- 


* Vido Astronomie par M De Dalande, Tome 11. p. 491 
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tilde, of light ascension and declination, oi of longitude and lalilude, &c, aic used according 
to the elides chosen’'. 

The example wo piopose to give, agieeably to one of tho most appiovcd methods, is that 
which employs the circle of declination, from the woik of which tho leadci will aileiwaids be 
enabled to apply the foiinula to cases depending on otbei ciiclcs, to wludi the same equation is 
applicable. 

2 Let ^ denote the light ascension of the moon, B hoi declination, a the right ascension 
of the stai in question, and h its declination, and it will be easy to deduce by splieiical tiigo- 
nomctiy, oi by the moio gcneial method of the cooidinntes, 

(2) «i=:cos li. cos (a—A) 

w=:sin b cos B, .sm (a—A)-co<i h, sin J3=;sin (Z> —iJ)—2 sm h. cos J3. sin* J 

As the ates a—A and b~B aic gcneially small, wo may substitute them loi then sines, and 
we shall then have in seconds of space 

(S') m=(a’r- A), cos B 

nzih—'B^— . sm h. cos B (a'-AY 

O ^ 


wheic r denotes the ladius cxpiessed in seconds. 

Likewise if we icpiesent the light ascension of the raid-hcaven by 6, and the ieduced 
latitude of the place, using lunar Tabic VI foi gaining the ieduction, by cp, wc have 

1* 

(3) /«.=cos <p. sm (rt—tf) 

v =; sm b. cos (f>. cos (a —$)~ cos b, bin (p 

These foimiilai anti the equation maikcd (1) aflbid us the moans of laying down iiiles foi tlie 
computation of an occultation. 

When the object wc have in view, m computing an occultation, is to ascertain only tlie 
approii'imale time of an immcision oi emcision, in oidci that the observer may be piepuied foi 
his obseivatiou m due time, it may be suHieient to adopt a shoi t computation m stead of a 
inoic collect one. Bofoic, thciefoic, we piocecd to exemplify oui method at full length, wc 
will give an example of the computation of an occultation by means of an appi oximation, m 
winch wc will employ the dala.aheady picpaicd in the Nautical Almanac. 


3. Rules for computing the Approximate Times of the Immersion and Emersion qf 

a Visible Occultation, 

llui E I. Take flora the Tabu, of Elements contained in the Nautical Almanac of the yeai 
m question the hoiaiy motion of the moon in bei orbit, the oibilal angle, tho diflfeience of de- 


* Propoily epeftking lUcy aio not the paTallaxcs oi right ascension, of longitude, &c thot aio used in cm formnlre, 
hut the parallaxes in a cuole passing Unough the star and perpenilioulai to its circle of declination, of latitude, See 
which parallaxes indeed diftor hut little from the former ones, wlitn reduced to tho paiallol of the star. 

4i M 2 
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chnation between the stai and the moon coiicsponding to tlie time of tuic conjunction, and 
the light ascension of the stai. Find also foi’ the same lime the logaiillim of the cquatoiial 
paiallax, and leduce it to the paiallel of the cqiiatoi by applying the leduction foi the oaith’s 
ellipticity; and lastly take out of the same book the moon’s tiue scmi-diamcloi. 

Mmmpk .—^01 computing the occultation of h ni, on Jan. 81, 18^(3, to which we have ap¬ 
plied oui fiist method, by altitudes, we find in page 181 of the Nautical Almanac of that 
yeai the following elements, viz. 

Time of the tiue conjunction , . . , . . 17" 37™ 20* 

Horn ly motion of the moon m hei 01 bit . . 3' 51" 

Oibital angle . .S. 82“ 40' 0" F 

Diffeience of declination of the sun and moon 00' 13" N. 

Declination of the stai (say) , .... 22“ 7* 1'* 

Right ascension of the slat (say) .... 15“ 50"* 4” 

The logaiithm of the cquatoiial paiallax, cxpicssed in seconds of space, is obtained by adding 
to the aiithmetical complement of the piopoitional logaiithm, given in the Nautical Almanac, 
the constant numbei S 0334 We shall now have 

Equatoiial paiallax at 17" 27"' 26 ’ Ar. Co. . . 0.5319 

Constant numbei .. 3.0334 

I I * ^ 

Logaiithm of the equatoiial paiallax. 3.5053 

To lediicc this logaiithm on account of the ellipticity of the oaith wo may use Lunai’ Table 
5, 01 otheiwise a small table by Di. Young which we have inscitcd in om Jourlh •method, undoi 
Rule I, which answeis the same puiposc. 

The latitude ofGicenwich, which is 51° 28'40", being compichoiulod between 51° and 56°, 
accoiding to the lattei table we have to subtiacl 9 fiom the logaiithm of the equatoiial 
paiallax, in oidci to obtain the logaiithm of the hoiizontal paiallax of the place, which will 

theiefoie be .... . . . 3.5464 

The moon’s tiue semi diametci deduced fiom the Nautical Almanac corresponding to llie 
time of the true conjunction is , . .*.16' 1". 

Rule II. Find toi the time of tiue conjunction, and for an houi bofoie, if the occultation 
IS likely to be acceleiated by the effect of paiallax, oi foi an houi aftci, if it is likely to bo ie« 
taided, the values of the cosines, which we have denomina,tod m and n m equation (i) Foi 
this pmpose let it be obseivod that at the fiist pciiod, oi time of tiue conjunction, in this case, 
we have jw=:o m seconds of space, and ?i=tho difference of dechnatloii between the moon and 
star, taking it negatively when it is maikcd N in the Nautical Almanac. With respect to tiie 

* Wo have pii.fcncd employing the direct logantliin of tho parallax, as it is found in an ordinaiy table of lognuthins, 
to theyiroporlioiml logaritlim, which lequiros a paiticuliii taWo not contained in our work, but thoso who like tho use of 
such table moy apply to it, and spore tho reduction by the constant logaritlun 
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cosines conesponding to the second time, and wliicli we will distinguish by the accented lottcis 
m and n, multiply the houily motion of the moon m hei oibit by the sme, and after by the co¬ 
sine of tlie oibilal angle when it is raaiked N~B m the Nautical Almanac, oi of its Supple¬ 
ment when It IS maikcd S—Ji. The fiisL piodiict taken with its own sign, will be the value 
of w' foi an houi befoie^, and with the contiaiy sign foi an houi aftci, and the second pioduci 
algebiaically added to the value of n, oi subtiactod fioin it, will give the value of «' likewise, , 
foi an houi bcfoi e oi an houi aftci. 

The moon being at the moment of tine conjunction in the cast, m our case, 
the depicssion of paiallax will caiiyhci appaicntly soonci towaids the stai, and the occultation 
will be accclciatcd we must thcicfoio compute m and « foi an hoiu bofoio, and we shall have 


m=o 

n=~C)G' 13"= . . . -3973" 

D’s homly motion SI-' 57"=2097 • • • . . log 3.3204 

Suppl. of the oibilal angle S~ E 97” 20' . . . . log sm 9 9964 

log cos 9 .1060 


j»'=34/ 34"=2074." . . login' 3.3168 

Natui al nuaiboi — 207 2 .4264 

«'=-.70' 40"=-4240 


Rule III. Compute now foi the two tunes foi which wo have found the values of w, «, 
and »i) n't and accoiding to the forinnlm (S), the values of ot, and Tftf, W, oinjiloying the re¬ 
duced or gooconliic latitude of the place=9> which will bo SV I7' 43", if we take 10' 57" «s the 
loduction fioin citlici of the tables befoie specified, and subtract it fioin 51“ 28' 40". 

The houuy angles of the slai coiicsponding to ijio limes foi which the values of n, and 
m't ii' have been found, viz. I 7 " 27 “ 26’ and 16'“ 27“ 26’ aio to bo computed tiuisj 


Times chosen . • » t * * 

4 

ly" 

27“ 

26’ 

le” 

gyra 

26* 

Slinks cQucspondiiig Tl A. fiom tlie Nautical Ahnaimc 


20 

57 

29 

20 

57 

19 

Right ascension of Uio aiul-hoaven • ♦ * • 


14 

24 

55 

13 

24 

45 

Riglit ascension of the slai . » • • * / • 

«= 

1 

j 

15 

50 

4 

15 

50 

4 

r 

Hoiaiy angle in time . . , . a— 


1 

25 

9 

2 

25 

19 

Horaiy angle in space . . . 

* () • 

21" 

17' 

15" 

36“ 

1 

19' 

45" 


With these hoiaiy angles, the icduccd latitude, the chclination of the stai, and the horizontal 

patallax above given, the computation of wr, aid 'n'v may be thus peifoimed, 

1 


I 


I 




638 


SECOND METHOD OP COMPUTING OCCULTATIONS 


Times as befoie. • • 

IT 37“ 26’ 

16“ 27™ 26’ 

parallax.* • log5r = 

8 546P 


Ip=reduced latitude 51° 17.7 • • • ]ogsin?)= 

9.8923 

% 

1 

1 

log cos (p— 

9.7961 


log sin ^= 

8.4387 


log cos <P= 

3 .3425 


fl—^z; hoi aiy angle • . . logsiu(«—^) = 

9 .5600, 

9.7726 

log cos (a— S) = 

9.9693 

9.9061 

log «■ cos <p, sin (a— 0 )z: 

2,0025 

3.1151 

log cos <p cos (a — ^1)=: 

3 SIIS' 

3 21-86 

(S) . cos Ip. sin (U"“^()= 

799' 

1,303 

log sin bzz 

9 .5758^ 


log cos &= 

9.9668 


log TT cos <p. sin b, cos (a— 6 ) = 

2 8876 

2 .8244 

log V sm (p. cos b = 

3.4055 


It cos sin b. cos (( 1 — 6 )=^ 

-.772 

- 6O7 

K sm (p. cos bes 

2544 

1 

2544 

OTsir cos p. sin b. cos sm p. cos b — 

-3316 

-3211 

^ . ... 


Eule IV Poitn the values of the diffcienccs m—v/ji ,,both coiiesponchng to tlio fust 
and second times lespectively. 'Those diffeicnces, asweimvcbefoic obscived, lopicsont the co» 
oidinates of the moon’s centie lelativcly to the stai upon the plane of tlic piojoction, and ni 
this case they aie counted upon the axes, the first of which is peipendiculai to iho ciicle of the 
stai’s declination, and the second IS paiallcl to it. Divide by 13 the diiroicnco which aiises 
fiom subtiacting the lelative co-oidinatesthat coiicspond to the second time, fiom those that 
coiiespond to the fiist, and, by adding tlis quotient successively to tlic lattci, compose a table 
of the values of the lelative co oidmatosfrom five to five minutes, and extend it as fai as may 
appeal necessaiy. The examination of this table will disclose the two successive times, in 
which the sum of the squaies of the tvo co-oidinates will pass fiom being gicatei than the 
squaie of the moon’s semi-diametei, to bung smallei, oi vice veisd. 

Compute now tlic excess and defec, given by the table, and by piopoition find the tune 

in which the sum of the squaies of the two co oidmates will be equal to the squaic of the 

moon’s tiue semi-diametei, and that willbe the time of the immeision oi cmeision, as the case 
may be. 

Enample. —We have, for the fiist line, 

j»=o G' 18” 

19" [ 55 16 

0 10 57 


Wl—ff/M/r: —13 19 
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and foi the second time, 

w' •. . 

f 

i i 

K\Jli , . 

W'— It , 


- 34' 34" 
= SI 43 


= IS 51 


. 1° 10' 40" 

a-'p' =-0 63 31 


n'-ffV =-0 17 0 


The second diffciences will Iheiefoic be, 

- S6' 10" and 

tV “ S 10183 


6 ' 10 " 
= 0 31 


IVith the twelfth paits of these second diffeionccs the following Table was constructed by 
peipeUial addition, m which the values of the co oidiuatcs and n—wp aie expressed in 

minutes and hiindiedths of minutes. 


4. A Table of Co-ordinates mill their con'espondtng Times 


Times 


Values of 

Values of 

Moon*fl Semi- 
dmmotci 

16 " 07 " 

06 ’ 

10 ', 86 

- 17 ', 15 


30 

06 

10 , 67 

-16, 63 


37 

06 

8, 49 

~16, 11 


40 

06 

6, 31 

-15, 60 


47 

06 

4, 13 

-15, 08 


50 

06 

1, 95 

-14, 67 


57 

06 1 

~ 0, 03 

-14, 05 1 

16', 00 

, 17 0 

06 

- 0, 41 

-13, 53 

1 

1 

; 

7 

06 

- 4, 59 

-IS, 00 


10 

06 

- 6, 77 

; -10, 50 


17 

06 

- 8, 95 

-11, 98 


00 

06 

-11, 13 

-11, 47 


07 

06 

-13, 30 

-10, 95 



A simple examination of this Table will show that the immeision must take place between 
lb' 40"* 06’ and 1G'‘ 47"' 06’; foi we have 


At 16" 40" 06* 

6',31 X 6,81 . . . = 39, 81 

15, 60 X 15, 60. . =043,36 

■ ■ ■ I M I f 

Sum.£=083, 17 

16,00 x 16,00. . .=056, 64 

l « I ■ I I II ■ ! I I I I 

Excess .... = 06, 53 


And at 16" 47”' 06* 

4,13 X 4,13 . . . = 17, 06 

15,08 X 15,08. . =007 , 41 

Sum .=044 , 47 

16,00 X 16,00 . . =056 , 64 

p i ■ I ■ I 1 > 

Defect . . , . = 10, 17 


Now the inteival between the two times being 5" or 300’, we may say, as 06', 63 + 10', 17 * 
300*;; 06', 53 . ir=0O6’=:3'" 06’. 
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This time being added to 16" 45’" 26’ gives, foi the nist appioxunation, the instant of 
iinmeision 16" 45“ 52*. ^ 

To collect this fiist appioxunation we may now lepeat the computation foi the two 
minutes between which the time of imincision just found is compiised, thus, 


At 16" 45"" 26* 

= 5,00 X 5, 00 . = 25, 00 

n—wv = 15, 25 X 15, 25 . =232 , 56 

Sum.=257 , 56 

>Semi diam. 16,02 x 16,02 . =256 , 6l< 

Excess.. 0, 92 


At 16" 46“ 26* 

m-^fi = 4,57 X 4,57 = 20, 88 

n~itv = 15,19 X 15,19 . =230,73 

Sum.=251 , 61 

Semi-diam 16,02 x 16,02 = 256 , 64 

Defect . = 5, 03 


Hence we have to obtain a second coi 1 cction by the following pi opoi tion thus, as O', 92 + S', 03 
60‘;* O', 92 a'= 9% and the imnicision will take place voiy ncaily at 1 6 " 45“ 26* 4 -9 01 
16" 45” S5\ 

In like niannei it appeals fioni the Table, that the cmeision is likely to happen between 

I7I1 ggni gQs Jiyh gij,m 

At 17 " 22 “ 26 * And at I 7 * 27“ 26' 


li, 13 X 11,13 . 

= 123, 88 

18, 32 X 13, 32 

= 177 . 

42 

11,47 X 11,47 . . , 

= 131, 56 

10,95 X 10,95 

= 119, 

90 

Slim . . , , 

= 255, 44 

Sum . . 

= 297 , 

32 

16,02 squaied . . 

=256 , 61 

16 , 02 squaied 

=256, 

64t 

Defect . . . 

= 1, 20 

Excess . ... 

m 40 ) 

68 


and flora hence the following piopoition, as 1', 20 + dO^GS 300’ • 1', 20 = 9’ 

So that 17 " 22“ 26 ’ + 9’— 17 '' 22“ 35* will be the Giconwich appaient lime of the emei- 
sion, and a icpetition of the same corapiilation would incieabe the time hcie given by about 
a second. 


5. By CmshucUon, Instead of computing a Table, itwiU be convenient 111 piactice to 
find the times of itnmei&ion and cmeision by const!iicting a figuie Let SP, SO, fig 1 of 
Plato XXXI, icpiesent two stiaight lines paiallel to the axes above mentioned, and ciossing 
in the point S, which is the piojection of the stai upon the plane of the co-oidinates. To 
those hnos as axes apply the co-oidinates Sp,fm eijual to the values of aud»~?n>, 

coiresponding to the flist tune, and the co-ouUnates jSp', f'ni equal to the values of in'— V/k-' 
and w'—ff's'; then join the points m and ni by the stiaight line mini, which will ^epiesent the 
appaientpath of the moon leUtive to the stai. Fiona the point as a cenlio, and with a 
laduis equal to the moon’s tiue somi-diametei, desenbo a cncle, then the lines m't, me, com* 
piehcnded between the point m, oi moon’s place at the fiist peiiod, and the points e and t, 
where the circle cuts the hue mini, willioprcscnt, in parts of mwi, as an houi, the times be¬ 
tween the fiist epoch and the instants of imvneision and emeision icspectively. 
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6. By Projechon. We may also obtain the values of Wju. and itv fioin a drawing on winch 
the ellipses aie delineated that use out of pi ejection of the obseivci’s parallel upon planes pei- 
pendicular to stiaight lines cluected to diffeienl degiees of declination. It is not oui intention 
liowevei to cntei into the paiticulais of the constuiction and rise of such diawings, which 
the leadci will find explained in Lalande’s haile d’Astronomte, Tome II., p. 4<9I, et seq 

Ml Baily, the late Picsident of the AsUonoimcal Society of London, whose zeal foi 
the piomotion of both the thooiy and piactice of astionomy is too well known to lequue 
oui commendation, has caused some of these diawings to be engiaved and punted, suitable foi 
the latitude of Gieenwich, and on a scale of one foot to the degiee The values of tti*, and 
TjMr', ir'c'woie taken fiom one of these, and employing the constuiction above desctibed, we 
found the tune of immcision theicby 16’' 4<5'" 46*, and that of the omcision I 7 " SQ*" 32’, which 
values aie sufficiently collect foi the puipo&e of giving notice to an obseivci, who is picpaiing 
to make the obscivation 

When, in the computation of a visible occultation, we aim at the gicatest acciuacy, wc 
must have legaid to the second dificiences, as well of tlie moon’s motions in light ascension 
and dcclmiition, as of the vaiiatioiis of paiallax, which object may bo accomplished by the 
following lilies, 

7. IMesfor Coniyultitg mth Accuracy ihe exact Times of Immersion and Mmerston qf 

a Visible OccuUalion. 

By RiGiia Ascensions and Deciinai ions. 

Rule I, Find the moment of the tine conjunction in light ascension of the moon with the 
stai in question, and the diflcicncc ol declination between them coiiesponding to that moment, 
01 take these data fiom the Nautical Almanac, whole they may ho found alioady computed. 
Deteiminc the horizontal paiallax and scmi-diamctci of the moon foi the moment of tiuc con¬ 
junction, and compute hei houily motions of the fiisl and second oiclei, as well in light ascension 
as in decimation, and also the hoiuly vaiiations of paiallax and semi-diametei, after which de¬ 
termine the light ascension of the sun, and Ins houily vaiiation, all which will bo illustiated by 
the following woik. 

Examjple •—Wc will again take the occullation of S m, which we have alieady computed, 
and then we .shall have 


The time ol line conjunction in light ascension . . . . 

Right ascension of ^ m . . . . 

Declination of ^ m . 

Diffeience of declination between » and * , b—B 

Equatoiial hoiizonlal paiallax ol the moon . . . > 

Reduction of lat. 51° 28' for compression -jiv (Lun, Tab. 4.) 

Hoiizonlal paiallax . . . . 

True semidiaincler of the moon . . . 


17 * 27 “ 26* 

15 50 4 

22 ° 7 ' 1 " S. 

0 6 IS 

0 58 46 

007 

0 58 39 

0 1^, 0.7 


The moon’s houily motions of the fiist and .second ordci, as well in right ascension as in de¬ 
clination, may be deduced by tlie method of second differences thus, 
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SECOND METHOD OF COMPUTING OCGULTATIONS 


6 *s R. A, Jan. 81,18S6, noon 

midnight 

Feb. 1, noon 

midnight 


226® 4.8' 51" 
234. 9 21 

241 SS 52 
249 0 35 


Diffeience. 
7 20 30 
7 24 31 
7 S6 43 


2d diffi 

4' 1" > Mean 

2 12 13 ' 6 " 


5 'fi hourly motion, lei in of second older 


3'6" 
288 


Fioin midnight to tlio time of tiue conjunction 
Coinpiement to sixliouis .... . . . . 

Twice the complement m the tenth of an houi . . 


Then the tcim of first older of the !>’s houily motion will be 


II « 



. . 5" 27™ 

. 0 33 
1.1 



— 1.1 X 0".6=37' 2".6 - 0 "66 . 


= 37' 1".9 


j) *s Dec. Jan. 31, noon -19° 23' ?" 

midnight—20 34 33 
Feb. 1, noon - 21 27 0 

midnight—21 59 37 


Difleience. 
- 1 ® 11 ' 26 " 

-0 52 27 
- 0 32 87 


2ddifi; 

18' 59" > Mean 

19 50 ) 19'24" 


D’s hourly motion in Doc. teiin of second oidei 



Tci m of first oi dor of the moon’s houily motion in decimation 


0° 52“ 27" 
12 


1.1 X 4j".0= - 4f' 22".2-4",4 = 


IlOuily variation of the parallax. 

Hourly vanation ol' the ]> ’s true somidiaraetcr . . 

0’s light ascension ... . 

Houily vaiialion of Ins light ascension .... 


- 4' 26". 6 


~.0".7 
-0.2 
20" 57” 29’ 

0 10.2 


Rule II. Examine wliethei the effect of paiallax be likely to hasten, oi impede the occulta- 
tion, 01 whethei it he doubtful what effect it may pioduce. If we peiccive that the occultalion will 
in all probability be accelciated, we must compute foi half an hour, and also foi an lioiu before 
the tiinc of true conjunction, if the probability is, that the occultation will be delayed, we must 
compute for similar mtcivals after the said time, but in doubtful cases, it will be better to 
compute, lor half an houi before the time of conjunction and again for half an lioni after, the 
differences of light ascension and of declination between the moon and star. The diffciences 
of right ascension must be reduced by multiplying them by the co-sme of fho moon’s declina¬ 
tions respectively, and the diffeiences of decimation must also be diminished by subtiacting 
from them the small quantity arising out of the term 


^l^a—Ay cos R. sin 5. 

^ i 
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8. Emmple ,—Accoi ding to the Nautical Almanac the moon will pass the meridian at 
18" 56” 5 she will theicfore not have amved at the meiidian, but will be m the east, and the 
depiession of paiallax towauls the east will ceitainly acceleiate the occultation. Hence we 
must compute the diffcienccs of light ascension and of declination foi half an houi, and for an 
hoiii, befoie the tiue conjunction 


17 " rr 

16 57 26 
16 27 26 

17 27 26 
17 57 26 
16 27 26 


DifFeienccs of Eight Ascension. 

. a—A~0 

. (37' X".9)-4:(0.6) = i8' SO". 8 

. a~.i"=S7' l".g~0.C . . =37 1.3 

Diifei cnees of Declination. 

. h~B =. -06' 13" 

. 5-73'= -66 13-^ (4' 26".6)-^(4.".0) = -6S 27.5 
. 5-5"=-66 13-4' 26".0-4".0 . = 70 43.6 


To reduce these differences to the values of the cosines of m and n wc liavc 5= -22" 7' 1" and 
the woilc as follows; viz. 


16" 57” 20* 
5'=-2(^58'34" log cos 5 . 
a—.4'=1110''.8 log (a — A') . 


16" 27 ” 26* 

= 9.97022 5"= -20" 56' 17" log cos JB , , 
=3.04564 a - .4"=2221".3 log (« - A") . . 


(a-A(') cos 5'1037" 2 


3.01586 


(a - A") cos 5"=2074".7 


Then the values will be thus msO, w'=17* 17*2, and w"=84' 34''.7 


Now to get the values of n, n\ «" we must fiist compute the following teim thus 

1 1 
—“ssconslant . . log — =4.386 

2r ^ 2 ?’ 

5"=-20"56' . . log cos 5" = 9.970 
5 =—22 7 * * log sin5 =9*376 

a—.4"=2222" . . 2 log (a— j7")=6 .693 


=9.97033 

=3.34661 


. 3.81694 


Nat. num.= — 4".2 . Sum 0.625 


Then the i educed diffeienccs, or the values of n,n" will be 

» =5-5 —~ sin 5. cos Ji (a-A )"= -66' 13" 

2r 

8in5.cos5'(«-^'ya-68 27.3+i(4".2)=-68' 26",3 

n"=5-5"-:^sm5.cos5"(rt-^")*=-70 43.6 + 4".2 =-70 89.4 

2r 

Rule III. Compute for the three times chosen the horary angles of the star, and with them 
the declination of the star, the i educed latitude of the place, and the lespective horizontal paral¬ 
laxes , then find by the Zodiacal Tables 13 and 17 the values of the co-ordinates W|«., vy, ex- 
piessed in seconds, or otherwise compute them directly by the formula (3). 


4 N 2 
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SECOND METHOD OF COMPUTING OCOULTATIONS 


i 



Trmes chosen . . . 

17" 

27™ 

26* 

16" 

5T 

26’ 

16" 


26* 

©’s right ascension . . . 

20 

57 

29 

20 

57 

24 

20 

57 

19 

R. ascension of the mid-heaven 

14 

24 

55 

13 

54 

50 

13 

24 

45 

R. ascension of the stai o iri , 

15 

50 

4 

15 

50 

4 

15 

50 

4 

Ho'raiy angles of the star . 

1 

25 

9 

1 

55 

14 

2 

25 

19 

Hoiaiy angle in space a—D . 

21 

17 

15 

28 

48 

SO 

36 

19 

45 

Horizontal paiallax of the moon 


58 

39 


58 

39 .3 


58 

39.7 

Latitude of Greenwich . . . 


4 4 

4 i 

1 4 

* 

4 f 

51 

28 

40 

Reduction with compiession ^ 

fiom Lunar 

Table 5 

• * 


10 

52 

Reduced latitude of Gieenwich 

* 

4 

« 

« 4 

4 

• • 

51 

17 

48 


Reduced co-lalilude of Greenwich 
Polar distance of ^ nr 


38 4-2 12 
67 52 59 


Computation of and tfp by the Tables 


Arguments for Tabic 13 


21° 

Co-latitude 38° 42' 12" 

38° 

13' 14.".28 

Horary angle 21 I 7 15 

39 

13 31.91 



DilF. 

13' 50".28|36".00 I Mean 
14) 8.69 36.72 > 36".S9 


Difference 

60 ". 4)2' 12 " :• 18".02 
60 .17 15 •.•.36,89 
First tabular quantity . 


17.63 


P 4 * 


* 4 « 


» 4 


13' 


18.4)1 

12".67 first p.p. 

10.4‘6 second p.p, 
14. .28 


Sum 

Tab. 17 * with 60-58.39 = 1.21 gives 


13 37.4.1 § 

IS .40 to be subtracted. 


19".00 

By a similai process we find for the second and thud tunes 

17 ' 40".6 and 7 ry'= 21 ' 4.3".9 
In like mannei for the values of sre, and w'v" we have 


Arguments for Table 13 

1 

67 ° 

68 ° 

Diff. 

Red. Latitude 51° 17 ' 48" 

51° 

42' 55".32 

43 14.01 

18".69 ) Mean 

Polar dist, J in 67 52 50 

1 

52 

43 31.82 

43 50.27 

18.95 )18".87 


Diffi 36.00 36.26 . . . 36.13 

* As tire parallax is here computed in a line perpendicular to the star’s circle of declination^ and passing through it, 

as explained m a preceding note at page 636, and not in nght ascension, the reduction given by Dtjnab Tabi/H 18 must 
not ho applied 





BY RIGHT ASCENSIONS AND DECLINATIONS 


645 


60’; 17 ' 4 . 8 " :S6".13. 10" 72 

60 ' 52 59:* 18.87 . 16.66 

Fiist tabulai quantity ... . 4'2' 55.32 

Sum 4.3 22.70 

Tab. 17 . with 60 '-58' 39"=1' 21" gives 58.56 to be subtracted 

Fast pait of the value of m . . . 42 24.14 

And by the same means we obtain the fiist pails of the values of 

ffV=42' 24"4andof//'=42' 24" 8. 


The computation of the second pait is pcrfoimcd thus 


Argument for Table 13. . 1 

68 ° 


69“ 

Diff. 

Red. codatitude 38° 42' 12 " 38° 

34' 14".99 

34 

29 .17 

14".18 ■4 Mean 

Co. of hoi angle 68 42 45 39 

35 0.38 

35 

15 .07 

14.49) 14". 33 

Diff. 

45.59 

* 

45.90 . 

45 .74 

60'. 42' 12";;45".74 . . . . 

« • 4 t 

* 

32". 16 


60 ' 42 45 : 1 14,33 . . . 

t « 4 f 


10.21 


First tabulai quantity .... 

* • « 

. 34 

14 .99 



Sum 34 

57 .36 


Tab. 17 . with ai'g. 60'—58' 39"=1' 

21" gives 

« 

47 .20 to bo subtracted 

Aigiiracnt for Table 19. . - • 

4 » H * 

1 hhih 

, 34' 

10" 16 


Aiguraent for Table 19. • 

22“ 

2S 

1“ 1 DilF. 

Pieceding numbei 34' 10".6 34' 12' 

44".20 

13 17.09 32".89? Mean 

Dochnatipn . , 22 7.1 35 | 13 

6.67 

13 40 ..54 33.87) ®3".38 

<■■■■■ !■* li 

Diir. 

22.47 . 

23.45 . 

22 .96 

60': 10".6 :22".96 ; 

♦ * 4 4 

i 

S".89 


60* 7.1 ••33.38* . 

4 « • t 


8.70 


Fust tabulai quantity . 

« « « i 


12 44.20 


Second part of the value of 


12 51.79 



Fast part above found ... . — 42 24.14 

> ■ ■ . . .... ■ 

And consequently «. 55' 15". 93 

By the same means we find ff'i»'=:54' S0''.3 and ?rV's53' S2".2. 
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SECOND METHOD OE COMPDTINO OCCUDTATIONS 


9. The computation of aiid « by logauthms. 


The times foi computation . 
ir=:paiallax . . . 

(p=latitude . . • • 

< ♦ • • • 

. . . log tr 

, .log cos p 

ly" s6‘ 

3.54642 
9.79608 

16" 5T 

3 .54646 

9.79608 

16" 9T 26' 

3.54651 

9 .79608 

log cos p . ... 

flf—dsihoiary angle . . . 
log sin (a—6) . . 

. log COS («-. fl) 

• 4 t « 4 

3 .34250 

9.96931 

9.55996 

3.34254 

9.94262 

9 68294 

3 .34259 

9 .90613 

9 77263 

log w' cos Ip. cos (a—y). 

log ^ cos (p sin . * ... 

srwzjtrcosp sin (a—nat. num. . . . . 

3 .31181 
2.90246 
798" 8 

3 .28516 
3.02548 ; 
1060" 4 

1 

3 24872 

3 .11522 
1S03".8 ■ 

b zz declm* of stai 

. . log. sm b 

9.57576 

9.5757c 

9.57576 

log ft sin h, cos <p. cos {a—D) 
log sin p . 

log cos &.. 

4 14*4 

4 ¥ 

4 4 4 4 

2.88751 

9 89231 

9 .96680 

2.86092 

9.89231 

9.96680 

2.82448 
9.89231 

9.96680 

log sin <p. cos b . . . 

log tr sin p. cos i . . . 
tr sin p. cos b ..... 
tr sin b, cos p. cos {a~-6) . . 

* » 4 4 

4*4 4 

. . nat. num. 

4 III* 

9 85911 

3 .40558 
2544 .1 

-771 -9 

9.85911 

3.40557 
2544 .8 

-720.0 

9.85911 
3.40562 ; 
2544 .6 
- 667 .5 

OT- —tr'sm p. cos b+v sm b 

cos p cos («“ 6) 

-SS16".0 

' -3270*.3 

-3212".! 

-- 


Rulu IV With the values of m, w, ff/*, and foim the diffcionces ii—wv, which 

will lepiesenl tho dO-oidinatcs of the moon’s ccntio, icktivo to the place whcic the obsei'vci 
projects the star, on the plane of piojechon. Then having detcimincd the values of these co-oi- 
dinates for each of the tliico tifties, take the Hist and second diffciences between them, and by 
interpolation extend then values to eveiy five minutes. Inscit these values in a small table, 
with a column of coiiosponding values of the moon’s tme semi-diameteis adjoining , and the 
inspection of such table will show the two neatest aiguments, oi tunes between which the im- 
meision oi emersion must of couise happen Take for both these two times ihe difference 
between the sura of the two coordinates sguaied, and the squaie of the tiue scmi-diametei, 
and by lepeated propoitions find the exact tune when that diffeienco will be nothing, and that 
will be the instant of xmraoision oi emersion, as the case may be. 

Ejeamfle. 

m~ 0' O^O rd-Yf If.9, w"=34»' 

ir/» = 13 13 8 40.4 try's SI 43.8 

.. -- ■ . * .—» > I "t 

13.8 m'—df/!z: — 0 SS .1 )»"—try^slS 50.9 

first diff. IS' 55".6 first diff. IS' 14".l 

second diff 18".5 
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«=;-66' 13" 
«= -55 16 0 


jt's—68' @6".S 


ft 


t t 


5n»=:-.5'J) 30 «3 


n 


7i0' SO’A. 


.1 


?i"-irV =;17 


7 3 


n-flTte-lO 57.0 ?^'-.^I■l''=-13 56.0 

fiust clifl# —2’ 59".0 fiist diff. =: "jS* 11"*8 

second diff =:12".3 

To extend the values of the cooulinates and n-w to evoiy five minutes, we have first 

for the cooidinatcs m—w 

18''.5 

Second diffeience between the new leans 


30 


4 « » # 


=0"514 


4 Second dificience 


i « 


Half the sum of the two first dilF. _12' 55".6 +13' 14".l 

- ■ ‘ ‘ . n i l 11 i 11 ' 1 ^ ■■ 




V VI p ■■■ uBw^ 11 ^1 ■ r |-|-1 * * * ' ^^^^^^^**** 


0 6x2 

Fu st difference between the middle tci in and the pi eceding one 
Fust difference between the middle lean and the following one 


0.257 

<=2 10.808 


=:S 10.551 


2 11 .065 


Likewise foi tlic cooulinates «—a-r we shall have 
Second difference between the new lei ms = • 


12.3 

1 t ■ !■! ■■■■■Ill 

36 


% * 


4 Second diffeience . . 

Half the sum of the two fiist diff. —2' 59".0->S' IT.S 




r ^ \ I fciM nrTT~n 


« 4 


16 0 x 2 

Fimt diffcicnoe ibettween 'the middle-toim and pieocding one . 
Fust difference between the middle tcan and following one 


. =0.342 

0.171 

= -SO .858 

■■ ■■ ■■■■ I 

= -30 .087 
= -31 .029 


With these diffcicnees, beginning fiom the middle leanj orlhatcoiiesponding tol6"57™ 20*, 
and going up and down by additions and subtiactionsj we oonstuictod the following Table, 111 
which the values of the coordinates and «-«, and of the true setrU'diainelers of tbe 

moon foi the coiresponding tunes, aie given in minutes and decimals of a minute lespoctively. 


10 . 


Table nf Coordinates, 


Times 

Values 
of tlio cooul 

Values 
of the cooul* 

j^’s tuio 

Bo mi- (1j am 

lo" 20" 

12'.848 

- 17 '. 122 

16 '015 1 

32 20 

10.622 

-16 577 

16.015 , 

37 26 

8 402 

-16 .037 

16.014 i 

42 20 

6.192 

-15.502 

16.014 

47 26 

3.990 

- 14.973 

16 014 

52 26 

1 798 

-14 450 

16.013 

57 26 

-0 387 

-13.933 

lO.OlS 

17 2 26 

-2.897 

-13.422 

16.013 

1 

7 26 

-4.730 

: -12.917 

16.013 

12 26 

-6 888 

-12.417 

16.012 

17 26 

-9 038 

- 11.922 

16 012 

22 26 

'-11 180 

-11.433 

16.012 

27 26 

IS *313 

-10 950 

16>012 


m SECOND METHOD OF COMPUTING OCCULTATIONS 

By this table we now easily discovei that the iinmeision will happen between 16“ diS*" 46* and 


16 “ 4'7"' 26 ’ 5 foi wo have 

At 16 “ 42“ 26 ’ 

6 192 8quaiecl=: 38.34 
n— wi' =15 .502 sqnaieds: 240 .25 

278 .59 

d=l6 014 X 16.014 256 .45 

Excess 22 '. 14 


At 16“ 47” 26’ 

8 .990 sqiiaied = 15 .92 
«—«=14 975 squaied = 224 19 

«'4M«-1 III T-M-fc. 

240 .11 
d squaied 256 .45 

I F" ■! 

Defect 16 '.34 


The sum of these last two niimbeis being 38.48 and the coi responding inteival of tune 5”=: 300’ 
we must say, 

As38'.48 300’.; 22 '. 14 .y = lyS’= 2“ 5S‘, 


winch, added to l6“ 42“ 26’, gives the appioxiinate tune of the imineision 16“ 45“ 19’. Now 
if we suppose ten teims interpolated within the inteival of the two iicaiest tunes of the table, 
the imineision will be coinpiehcndod betwoen the two teinis coiiesponding to 16“ 44“ 56* and 
16 “ 45™ 26 ’, and we shall then have as follows, viz 


At 16“ 44“ 56’ 

w—T|«.=: 5 .091 squaicd= 25 .92 
n~ wr = 15 .237 squared = 232.17 


At 16 “ 45” 26 “ 

4 .871 squaieds: 23.73 
n~^ m = 15 .185 sqiiaicd=230.58 


Sum=258.09 
d=l6 014 sqiiaied=256.45 


Sum = 254 .31 
d = 16.014 squai cd = 25(> .45 


Excess 1.64 

Hence lastly, as 3 .78 ( = 1,64 + 2.14) 30’ 



.v=:13 


s 

« 


Defect 2.14 


The tiue time of the imineision tlieiefoie finally comes out 


16 “ 44™ 56’+ 18’= 16 “ 45™ 9’ apparent time at Gieenwich. 

The emeision will happen, accoiding to the tabic, between the two tunes 17 “ 22” 26’ and 
17 “ 27 ” 26 ’, and to find the appioxiinate tune we shall have 


At 17 “ 22 “ 26’ 

}»—W|«,=:ll 180 squaicd=124 99 
ft-*- r: 11 433 squared = ISO .7 1 

'I . . ■ p 

Sum=255 .70 

d=l 6 012 squaied=:256 .38 


At 17 “ 22 ” 50’ 

w--5r^=ll .893 squaicd=:129 89 
w— wf = 11,385 squared= 129 .62 

Sura=259.51 
d=l6.012 squaied=256 38 


Defect 0 68 

And lastly, the propoition S ,81 (0.68 + 3 13) SO’.; 0,68 . .i?=5’,4 


Excess 3.13 
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SO that the liuc time of emeision will be at 17" 22™ 3r,4< appaient tune at Greenwich, exactly 
as by our fii si method. 


11. The Inverse Problem, or Cmnputation of an Observed OccuUalton hij the Eight Ascensions 

and Declinations, 

The pioblcm of deducing fiom obseived occultaUons the tiue place of the moon, the dif- 
feience of longitude between any two places of obseivalxon, and the collections of the moon’s 
paiallax and semi-diameter, may easily bo solved by oui equation (1), viz. 


(ni—’nff + (ti 511')*=sin* d. 


Let us suppose that, by talcing the moon’s light ascension, declination, paiallax, and serai- 
diamctei out ol the icspcctive tables, we have computed the values of the cooidinatcs 
and foi the instant of observation, and that, by substituting these values and that of d in 
the said equation wo have found the oiioi 3 s j then lopiesenting the moon’s houily motion in 
light ascension and declination by ni and n, the diffciencc of the correct tune of conjunction 
and that computed by means of the tables by Lt, the collections of the declination, lioii- 
zontal paiallax, and tiue semi-diamctci, as taken fiom the tables, by aU, Aw, Ac^; and putting 
foi the sake of bicvity, 




# f • 


^ 4 


d*— (wi —5r|M.)*—(ji— «)■ 
(in—itf) m' + (n—50') ri 

51—50' 

(') 

(ni — 55 ( 0 .) !«,+(?? — 501 ) f 
“(0 

‘ « J 


3 s 
(0 






it will be easy to know by the diffcicntiation of the above equation (1), that we have 


(4i) At—(B) aU —(w) A5r--(d) Ad-e 

In this equation wo have neglected, as being incoiisiderablo, the squaies and higlici 
poweis of the supposed collections, as well as some othci tcims of vciy little value. 

Befoic we lay down lules foi computcvtion aiising out of this equation, it will be propei to 
make a few icmaiks icspccting the ciicuinstanccs of the obscivations that furnish the data, 

1st. When we have a single obseivation, and only the iinmcisiou oi cmcision has been 
obseived, since the element most liable to eiioi is the tunc of the tiue conjunction, we may 
neglect all the othci criois as they have lespect to this, and shall be able to obtain the coriec- 
tion of die assumed time of the tiue conjunction by the equation At =s e. 

3dly. If both the immeision and emeision have been obseived, then, distinguishing by 
an accent the quantities belonging to the emeision fiom those belonging to the immeision, we 
shall have foi the foimei of these tunes the equation (4)' A/—(jS)' aB — (ir)' Aw — (d)' Ad = «?'. 
As the houily motions of all the elements of the moon’s Tables may be consideied well known, 

VOL. II. 0 
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A/, aJ5» a??} Ad will be the same m both the computed equations, and eliminating A^ fiom 
them, we shall deduce the following equation bekveen the othei collections, viz 

(4<)' C-®)} aB i- {(t)'— (t)} At + {(d)'— (d)} Ad e — e'. 

This equation Uken alone will give the value of one of the thiee collections, if the othei two 
be considered as nothing, and whenevei wo possess thiee complete obseivations made at 
diffeient places, since each of them will affoul a similai equation, we shall be able to deteumne 
all the thiee coriections, and then cithci of the two equations inaiked (di) and ('ll)'will give 
the collection foi the tiue conjunction foi the con cspondiug place. 

Sdly. Poi an obscivation made in anothei place, the equation between the aloiesaid coi- 
rections will also be of the foim (di) Ai — (iJ) AB — At — (d) dA =i e , whcic fj5) (t) (d) e 

denote the values of (J3) (ff) (d) e belonging to that place. . 

dithly When the dilfciencc of the ineiidians of the two places is well known, the cor- 
icction of the tune of the tiiic conjunction must be the same in the equation (4i) as m the last 
equation, and by siibtiactiiig one fiom the olhci we shall obtain between the collections 
Aj9, Ar, Ad an equation of the form 

{(B^ - (B)} AB + {(«■)- (t)} At -j- {(dj - (d)} Ad^e- e. 

f ^ 

But if wc have a doubt icspccting the existence of an cnoi in the dilfciencc of the meiidians 
of tlic places of obseivalion, the two times wiU diffei one fiom the othei by this eiior 5 and if 
we call c the collection of the longitude of the latlci place, wc shall have 

c = e - c -t {(BJ ~ (B)} aB 4 {(wj - (w)} At 4 - (d)} Ad. 

Which equation, if wo suppose aB, At, Ad to be nothing, or to have boon collected, ieduces 
itself to c = 0 ~ 

y 

i5thly. Ifeisnotoui object to illusliate, byiules and examples, all the cases in which 
observed occultations by the moon may bo employed to detcimino the collections of hei place, 
of hei paiallax and semi diamotei, as given by the Tables, but those who undcilakc such 
leseaiches, being gcneially well acquainted with algebiaical foimuliB, will find in what wc have 
above detailed, all that is nccessaiy to guide then computations. Tlie lules and example, 
which we piopose to piesent to oiu icadcis, will explain the piocess pioper to be employed in 
computing the ditleiencc of the gcogiaphical longitudes of two places by an immeisioii 01 
ctneision obseivcd at both places, which is a pioblem at the same time useful and of common 
occuiience, though seldom concctly solved. In oidei to piopose a case to oui pmpose, let 
us suppose the emeision of which wc have befoie computed, to have been obseived at 
Pans, 9’" 21* to the east of Gteenwich, at 17 ” 31“ 4iS’.4, the same being supposed to haye been 
observed at Gieenwich at I 7 " 22“ 31*.4', agieeably to oui computations fiom the elements 
taken out of the Nautical Almanac of 1826 , and let us suppose, also, that the longitude of 
Pans IS not exactly known, but consideied only 9“ I 6 ’, then let it be lequiied to find the erior 
of this diffeience of longitude ? 
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12 . iiMfes foi finding Ihe Difference qf Longitude. 

RuLL I. Compute accouling to the mles given befoie (m our second method) the lektive 
cooiclinatcs n—m both conesponding to the obseivations at Gieenwich and Paris, and 

also the values of the moon’s tme somi-diameteis lespoctively 5 then fiom the squaie of the lattei 
quantity, belonging to each place, subtiact the sum of the squaios of the foimer quantities, 
and call the aiising diffeiences 2 e and 2 s' accoiding to the subjoined results of the piopei com¬ 
putations, VIZ. 

2 ' 4.9''.9 6 ' 34)" 8 

8.0 'ffVzz 0 55 93 

*■ ' I H ■ ---- 111,,,, ,1 III I 

m—wg/z:—11 13 1 n—ttzz—Q 11 25,5 

Also the moon’s line somi-diamctei r: 16 " 0.7 
Hence 11'.218 squaicd = 125 .8 ncaily 

«=:11 428 squaiodslSO 5 ncaily 

". L 

Sum 256.8 
d=l6.0117squaied=:256 3 

2 s = 0 .0 

As the difference of longitude between Pans and Gieenwich is taken at 9 “ I 6 ’ east, we must 
now compute the values of m and n as well as of foi the Paiisian time of obscivation, 01 foi 
iyn ggm Gieenwich j but the values of vg, and kv must be computed ao- 

coiding to oui foimci lule III. by employing the time of obscivation 17 " Sl^l-SM) and the le- 
duced latitude of the Royal Obscivatoiy at Paiis=:48*’ 89' 11" We shall then find 

?»—trjMiz: —’10.528 squaied:= 110.84 
w — w —12.100 squared =; 146.41 

Sum 257.25 
dziW.Om squaicd=256.37 

^m-i ■ I ■■ 

2 6 =: 0.88 

Rui,e II. Pmd the hourly motion of m and n, and call then values ni and li j then by these 
values and by those above found of m—?!'/«', n — and >» — n — n') complete the two values 

of the cxpi ossions 

(w—T/i) id + (»—«) ii 
(m - KfJp id + {n—n) ii 

Let (i) represent the value of the formei of these quantities and (^) the value of the lattei, then 
divide the error t by (/) and the eiror s by (f) and subtract the foimer fiom the latter, and 

4 0 2 
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Iheii diffeience will lepiesent, in paits of ati liout, llie coriection of the assumed longitutle to 
be always applied with its own sign, when we considei the east longitude as negative. 

Example .—The honi'ly motions rti and ri, oi the diffeiences between the values of m p,nd 
n corresponding to the tune of the true conjunction, and an lioui aftci, accouhng to oui foimor 
lule II« (p. 61<S) aie 

?»'=:84.'58" n'=4.'44" 


Seeing the erior e was found=0, the quotient e will in this case be=0, and we have only to 
compute e, for which we have, 

log («i~w) =: T ,0223 log (n—vv) = 1.0828 

log ?n' = i .5888 log n' = 0 ,6474. 


\ 


log (m-'fffi) w' = 2.5611 

(m—fw) ?»'= 364.0 
(n-n) = ~53 .7 

t f 

(t) 310.3 

^ / 

g “ 0 i4.4 

I 

c = - 0.001418 


log n' = 1.7302 

/ / 


Ar. CO log (/) = 7.5082 

log 6 =9.0435 

^ ■■ ■ ■ » 

log e =7.1517 

I 


This time e i educed into seconds gives —5".l, which, applied with its own sign to the cast oi 
negative assumed longitude of Pans Q™ 16’, gives Q™ 21M, in which the lomaining ciroi is 
only one tenth of a second. 

We may lemaik hcie, that if the collection thus found should in any case happen to 
amount to scveial minutes, and if we aie aiming at great accinacy, it will be necessary to 
repeat the computation, by employing the values of m and n which icsult, to collect the 

appioximate longitude befoie the lepetition, but the values of and m aheady determined, 
depending on the place of the slai, and the time of observation, as reckoned at the place where 
it was made, do not require any modification. 


§ XCVII the third method op computing occultations op the stars, viz by 

THE LONGITUDES AND LATITUDES 

1 The method of computing eclipses and occultations by the paiallaxes in longitude anil 
latitude has an advantage over the other methods in this respect, that the elements are given 
by the Tables, and do not require to be conveited into other denominations, such as light 
ascension, declination, altitude, or azimuth, by computation. Cassini and Mayer gave formulae 
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for computing by the parallaxes in longitude and latitude, but as Cagnoli has lendered them 
moie accmatc, as well as moie easy, we will follow his foimulie, for the computation of 
paialiaxes, which obtained the piize of the Academy at Copenhagen, and which may also be 
found in his Trtgonmetrm pmm e sfencat p, 4<82, et seq. 

Scheme of Cagnoh's Formula; 

foi finding the appaicnt distance between the centres of two heavenly bodies S and L (Sol 
and Luna), when then longitudes, latitudes, and hoiizontal paialiaxes are given. 

A — riglit ascension + app. time in paits of the equator. 

B " the altitude of the pole — the angle of the veitical, 

Tang C = cot B, sm A. 

If J A 360“ take A(~S60° instead of A. 

D == C 4 - appaient obliquity of the ochptic. 

Cos F = sin B — ®. 

cos C 

Sin G = tang D. cot F. 

When A is contained between 80“ and 100 “, or between 250“ and 290 “, then instead of the 
last equation make use of the following one, viz. 

Cot G = cot ^ • 

sm n 

Take G always in the ascendant oi descendant signs accordingly as A lies between the fonnci 
or the lattei ones. 

H = the true longitude of the luminary L^G, 

*K = radius of the earth (hor. paial. of L ■— hoi equat. paial. of S). 

x sm F bin (I I + M) 
cos true lat. L 

N =: K (cos F cos app. lat. L — sin F sm app. lat. L cos (II + i M"), 

Appaicnt longitude of the body X =: true longitude + M. 

Appaient latitude of X =: tiuc latitude ± N, 

The sign + is to be used when the true latitude is south, but the sign — when it is noiUi, 
and vice veisfi when N is negative. 

Q = app. long, of Xtrue long, of S. 

T = app. lat. of Xtrue lat of S. 

* Tho valno of K may bo found by tadans of Lwiai Tabic 8, employing at the top nigument the diff'eience of the 
two lioii/ontnl eq^uatorial pnrallaxcB 

t The compulation of tho values of M and N may also bo porfortnod by tho Zodiacal Tablet 13,14, &o , but we 
must observe, that in tho citample given at page 381 of our Vol I for tho computation of the parallax in longitude, 
the apparent latitude of the moon has been employed, wlicrcas lior true latitude is introduced into Cagnoli’s formula: 
Likewise tlio distance iiom the nonogcsimal, in tho example for the latitude at page 383, is augmonted by the mhcle 
parallax m longitude, while in Cagnob’s formula! one half only of tbe said parallax is applied The Tables notwith¬ 
standing are equally useful in botli cases, os the reader will hereafter see in our example 
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= <app. lat. of i h ti ue lat. of S, 

rr „ Q cos 
Taug u =-. 

Appaient distance of the centres =: 


T 


cos u 


* 


In oidci to obtain the augmented semi-diametoi Cagnoli pioposes the following foitnula, v\i. 



sin {H + M) . cos app lat tt 
sin J-L cos Hue lat. n 


wheie A denotes the tuie, and A' the appaient semi-diamctci of the moon. Tins foiinnla, 
which IS due to Gcitsnei, does not, howevci, give an exact valucj when the moon’s longitude 
coincides with, oi diffeis but little fiom that ol the nonagesimal. but in this case the moon’s 
altitude IS known, since it is equal to the complement of the dilfeience between the latitude of 
the nonagesimal and that of the moon. 

S. We piopose to apply these formiilm to a piocess devised by Mayci (see bis Oyieia 
postJiuma) foi dotcimining the tunes ol an immei&ion and emcision of a stai, which is giounded 
upon the following 

Rules. 


Run I. Find foi thice different tunes, within which both the imraoision and emeision aie 
likely to be included, the diffbi cnees of the moon’s and stai’s appaient longitudes and latitudes, 
VIZ. the values of the quantities designated in Cagnoli’s foimuloj by Q and multiply the foimci 
by the cosine of half the sum of the stai’s and moon’s appaient latitudes, oi by cos jj/, and 
deteimine foi the same* times the moon’s appaient seim-diamoleis. 

AJa’fonpfe.—-Accoubng to the elements of the occnltation of given in the Nautical 
Almanac of 1826, if we take the appaient obliquily of the ecliptic at 23® 27' 'iO"..7, the time 
of the tuie conjunction with the moon m longitude will bo, at Gieeiiwich, 

Jan. 31, 1826 .ly" 51"' 54*7 

The moon’s lat at that time. 0“ 51' <l'y".2 S. 


The ’s longitude. 240 8 36 .9 

The latitude of ditto . ^ , 1 57 dd- .8 S. 

The moon’s houily motion in long of the Isl oidei . , 0 34 43 .4 

Ditto tcim of 2d oidei ... —0 .45 

The moon’s houily motion m latitude of the Ist oidei . 3 2 9 

Ditto leim of the 2d oidci . . +0.12 


The moon’s horizontal equatoual paiallax .... 58 45 .7 

Its houily motion .. —0.2 

, The sun’s light ascension.20" 37"' 31* 4 

His houily motion.. 10 .2 

As the effect of paiallax must in this case consideiably acceleiale the occultation, both 
the imraeision and cmeision may be expected to happen before the moment of tiuc conjunction, 
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\vc will iheicfoie compute the diffeiences of longitude and latitude of the moon and stai foi 
the tune of the tuic conjunction, and foi 36 and 7^ minutes befoie it, 

Foi the fiist of these epochs wo have 

The sun^ light ascension m space , . 314® ^2' 51'" 

Time of the tiue conjunction in space , 267 ^8 d*5 

A = 2^2 21 36 


Taking 51® gS' 40" foi the latitude of Greenwich, and 10' 52" foi the leduction, oi angle of the 
veuical, we have il=:51® 17' 48", oi leduced latitude, and accoiding to the pieceding foimulai, 


Log cot B , =9 .903’/7 Log sm B . =9.89S31 

Log sin ^ , =:9.8g85g Ai. Co. log cos Ge= 0.05554 

-- Log cos D . =9.99841 

Log tang C =s9 --— 

C . =: 151° 38' 12" Log cos . =9.94620 

App.obhq.ofeclip. 23 27 40 


D , 175 5 52 Log tang jD =8.93343 

Log cot i'' = 0.27579 

V"™"'"' I .. 

Log sin G =9 .20922 


As the aic A is m the descending signs wo shall have G = 189 ° 19’ 0 ", and the moon’s longitude 
being 240° 8 ' 37", we deduce //=240° 8 ' 37"-189° 19' 0"=50° 49' 87 ". 

The hoiizontal paiallax of the moon is 58'45".7, and as the stai has no sensible paialla"? 
we shall have 

Log 58' 45".7 .=3 .54725 

Log of the cai til’s ladius, Lunai Tab. 5 =9 99914 


Log . =3 54639 
Log sin P =9 .6704'5 


Log(7i:&ini?) = 3.2l684 
Ai. Co. log cos (D’s tiue latitude) . =0 ,00005 


Sum, or constant loganthm . . =3 .21089 

Log sin (7J+if/)=51° by account . . =9.89050 


Appioximate paiallax 01 log M neai'ly 


=3 10739 = 21 ' 10 " 


Log constant given above 
Log sin (//+ M)=5r 0 ' 57" 

Log if/ 


=3 .21689 


=3.10851=21' 23".8 
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Log cos F given above.=9.941626 

Log K given above.. = 3.54639 

Appioximate paiallax oi log N neaily . =3 .49265=51' 49" 

Tlieiefoie log cos {D’s ap.lat. = —■ 1° 43' 38 ")=§ .99981 

Ixigfirstpaitofthe value of iV . , . =3.49246=—51' 47".8 


Log (X sin F) as above.=3.21684 

Logco3(JJ+JM)i=5r 0'19'' . . . =9.79881 

Log sin (d’s app. lat. = — 1“ 48' 38") . . =8.47916 

-- ■ ■■ I . 

Log second pait of the value of ^ . , =1.49481 = - 0 31.2 



-52 19.0 


4 Having icduced il/and N, the moon’s paiallaxes in longitude and latitude, by Cag- 
11 oil’s fonnulae, it will be satisfactoiy to compute them also by the tables of oiu volume I, to 
show how they agiee, and to give the computist his option of adopting which mode of com¬ 
putation he may deem piefeiable Foi this purpose we have A = the light ascension of the 
mid heaven given above, to find, fiom TJodiacal Table 7* G the longitude of the nonagcsimal, 
and H its altitude, thus, 


Long, of nonages. 


Zod Tab. 7 Aig (A) 222° 0' 0" 

Piop. pait foi . . 21 86 

Coi. foi 19" 5 dun. of obliquity . 


188° 55' 54" 
+ 22 29 
+ 36 


All. of nonages. 
28° 3' 33" 

- 8 29 
3 


* . I II ■ I I I I 1 1 ^ 1 I I » P 1^^ M U I ^ f l _ I I I I — ^ • I I fci lWMIl 

Longitude of nonagosiinal Gf . . =189 18 59 Alt. of ditto J'= 27 55 1 

d’s line longitude ... . =240 8 37 


I’s tiue distance fiom nonag. 11 = 50 49 38 


The equatoiial hoiizontal paiallax 58'45" 7, ieduced by Lunai Table 4, with the ladms of 
Gieenwich, and with compiession •sJo, becomes 58' 38",7. 

If now we entei Zodiacal Table 13 with the moon’s distance fiom the nonagcsimal ob¬ 
tained above as llie top aigument, and with the altitude of the nonagcsimal aheady obtained 
as the side aigument, wo shall see at once by inspection that tlie moon’s paiallax in longitude 
will be about 21', which added to hei tiuc distance fiom the nonagesimal will make hoi appa- 

icnt distance by account about 51° 11', as the collected argument foi obtaining the paiallax 
moie exactly thus, 


Arg. foi Tab. 13 
Dist. from nonag. 
Alt. of nonag , 


Poi the paiallax m longitude. 


51° 11' 0 
27 55 1 





51° 

52° 

Diir. 

27° 

21' 10".14 

,21' 27".90 

17.76 

28 

21 53.47 

00 
J— * 

00 


Moan 

18.05 


Diff. 43.33 43.91 


43 .62 
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As 60': 18''.05: 11' ....... 

4 « 


3".3 

As 60 : 43 .62 • 55.1 •. 



39 .9 

Fust tabular quantity. 

* « 

21 

10.1 


Sum 

21 

53.3 

Hoi.par.58'38".7Ta'b. I 7 . Aigs.l'21".8&2] 

.' 53".3 


29 ,6 

Appioximate paiallax in longitude , . 

. = 

21 

23.7 

Moon’s tiue distance flora the nonag. 

. . 50 

49 

38 . 

Moon’s apparent distance fioin the nonag. 

II 

» 1. 

11 

1*7 


This distance, diffeung loss than 2" fiom the assumed one got by inspection of Table 13, le- 
qmies no fuithei computation 

To obtain the ieduction of the moon’s latitude we ought, according to the note f m 
page 653, to employ the moon’s liue latitude, and then the arguments for Table 15 will be 

Top argument . , 21' 24/'j „ 

Side aigumcnt . . 51 4f9 > ^ 

Appioximate parallax .... 21 23 ,7 

% , !■■■■■■, iBii 

1) *s paiallax in longitude « , =21 23,8 by the tables. 

21 28.8 by Cagnoli’s formulEe, 


For the parallax in latitude. 

Zodiacal Table 14, with arg. 27 ° 55' 1" (alt. of nonag.") gives . 58' 1''.0 

Reduction by Table 17, and aig. 1' 2l".3 (as before) .... 1 11.8 

. . . 

D’s true lat. for the top arg. . 51' 49* 51 49.2 

I - 1 I • ^ l ~ l■l ^ p l III I i i ■■■■l i 

Sida argument for Tab. 15 . 1“ 43' 38" for diminution —1.4 


Fiistpait 51 47.8 

The moon’s tiuo distance fiom the nonagesimal being 50“ 49' 88", 
if we add to it one half of parallax in longitude according 

to the note t m page 653, viz, 10' 42" we shall have 51® 0' 20" 
for the complement of the top argument of Tab. IS thus 

Top argument 38® 59' 40" 1 , 

Side aigument 27 55 1 ) 

Then for Table 16 top arg. 17* 40" x 
Moon’s app. lat. side arg. . 1 44 y * ’ ’ ' 

Reduction by Tab. 17 arg. 1 21.3 .... 1 


40" 


Second 


81.9 


0,7 


Moon’s paiallax in latitude by the tables . 
Ditto by Cagnoli’s formulae 


=52' 19".0 
= 52 19.0 

4p 


VOL, II, 


• t 
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5. By applying the values of M and N thus found to the moon’s tiue longitude and lati. 
tude we shall have' 


s *8 appalent longitude=040“ 8' 36".9+03* 23“.8= 040° SO' 0"f7 

D’s'apparent latitude — 0 51 49.0—50 19.0=— 1 44 8.0 

« 

The diiferences between the appaient longitude and latitude of the moon and of ^ tn will now 
be 

Q=01' 03''.8 !r=lS' SC" 6 


The first of these quantities multiplied by the cosine of half the sum of the star’s and moon’s 
apparent latitudes, viz by cos 1® 50' 56", becomes 01' 08".l, 

To find the moon’s augmented seini-diaraetei, we have accoiding to tho formulae of 
Genstner, 

Log (ff’s true seini'diametei) 16'0".6 , . =0,98054 

Log sin (ff + ilif) ^ibove given ... . =9.89160 

Log cos ( a ’S app. lat) 1° 43' 88" as befoie =9 99981 
Ai. CO. log sm (/7 = 50° 49'37") . . =0 .11063 

Ar CO. log ( «’s tnie hit) 0° 51' 49" .is above =0.00003 

Log ( a’s augmented semi-diametei) . . =0.98463 = 16' 5".3 

By means of th'ehouily motions we compute for the second time, oi for 17" 15” 54’.7 


S’s tiue longitude . 
t’s tiue latitude . . 

s’s horizontal paiallax 
H’s tiue semi-diametci 
0’s light ascension , 


039° 47' 46".7 
0 53 38.9 
0 58 46.0 
0 16 0.7 
00" 57” 05’.S 


By using the same process with these quantities we shall obtain 

iW . . =06' 08''.3 N 

Q . = 5 8.1 T 

Qcos i/= 5 7.9 A' 


=50' 07".4 
= 13 38.5 
=16 4.7 


Likewise for the thud time, or at 16" 39"54‘.7, we have 


>’s true longitude , . . 

D *8 true latitude .... 

S’s equatorial horizontal paral. 
B’s tiue semi diametei . , 

0*8 right ascension . . , , 

r 

and by a similar computation 


=039° 06' 56" 0 
= 0 55 08 5 

= 58 46.6 

= 16 0.8 
= 00" 57” 19’0 


M- • =31' 7" 9 

Q . . =10 30 8 

Q cos f 7|r = 10 30 5 


N =48' 00".6 
T =13 53.7 

A' = 16 4.0 
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Rule II Put down m a table of foui columns tlie thiee doteimined values of Q cos ^ y , of 
y, and of the moon’s appaient somi-diameteis> together with the couesponding times j and extend 
these values by mtei polation to evciy five minutes of the inteivalcompiehended between them. 
By compaiing the values of Q cos -j ^ and of T to the moon’s semi-diameteis, estimate what 
diffcience of latitude will neaily coiiespond with the beginning or end of the occultation. 
Call x the estimated value of T and c the moon’s appaient semi-diametci coriesponding to it in 
the table, and compute the quantity y/ & - 4?% If this quantity, consideied as the value of Q 
cos 18 found in the table, coriesponding to the supposed dilfeience of latitude, then will 
that be the value of Q cos J ^ belonging to the beginning oi end of the occultation, as the case 
may be, if not, call dx the difiPcience between the supposed value ce and file value of T cor- 

- _ ■■ I ■WF I III IMIB I 

responding to y/ c‘— a’‘, considcicd as a value of Qcos ^ and say, as y/ c‘ — <i?‘ x te ; dx t 
a fomth teim, which added to c‘— a*’, if the supposed value of x be giealer than the right 
one, 01 subtiacted if smallei, will give the coiiect value of Q cos ^ y at'tlic beginning or end 
of the occultation, consequently if the exact time couesponding to oilhei of these be found by 
computation, that will be the tiue tune of the immeisioii oi emeision, as the case may lequire. 
By employing tlio piocess of intcipolation, explained under Rule IV. of our second ‘tnelhod of 
computing occultalions, the following table of limes, and of the coriesponding values of Q sin 
of y, and of the moon’s apparent scmi-diamotci, was caiefully const! uctod, 

6, The Table qf Values, 


Times 

Values of 

ft(OB iy 

Values of T 

d'a ai 

ipaieiit 

lamctcra* 

16" 

39“ 

54’. 8 

10' 

32" 5 

13' 

5S".7 

16' 

4".2 


45 

54 8 

7 

49.0 

13 

50 .2 

16 

4.3 


51 

54.8 

5 

6 .2 

13 

47 .2 

16 

4 *4 


57 

54.8 

2 

24,1 

13 

44 »4< 

16 

4 #4 

17 

3 

54.8 

0 

17 .3 

13 

42.1 

16 

4.5 j 

9 

54 8 

2 

57.9 

IS 

40.1 

16 

4.6 


15 

54.8 

5 

37.9 

13 

38 .5 

16 

4.7 


21 

54.8 

8 

17 2 

13 

37 .3 

16 

4.8 


27 

54.8 

10 

55 .8 

13 

36 .4 

16 

4.9 


38 

54.8 

13 

33 .6 

13 

85 .9 

16 

5.0 


89 

54,8 

16 

10.8 

IS 

35 .8 

16 

5.1 


45 

54.8 

18 

47.8 

13 

36 .0 

16 

5.2 


51 

54.8 

21 

23 1 

IS 

36.6 

1 

16 

5.8 


From the inspection of this table we may peiceive that the immeision will take place a short 
time befoie 16" d'S” 54>*.8, foi at this time we have 


c=l6' 4." 3=16'072 

ij?=13 50.2=18,887 


—. - ,1 

y/c*-af‘=8' 10".8=8.176 


2 log c = 2,4ti214i=log 258 .81 
2 log ar = 2 .28208 = log 191 *46 

log 1.82810 66.85 

log y/c*~^"=0.91255 


4 ]r 2 
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Now consideung the value of as a value of Q cos ^ y, we find, by pioportion, that the 

value of T, oi difference of latitudes, corresponding to it in the table, is 13' 50'',66, and dx = 
0 f4i6, so that we shall have 




log dx 

— 9.665 



log a?.. 

= 1.141 

. = 8 ' 

10".6 

hi. CO logy/c*~a.’* 

= 9 087 

Coriection , 

- 0.8 

log of collection . , 

= 9,893 

Diff. .... 8 

9.8 




The value of Q cos ^ ^ coriesponding to the instant of imtneision will thoiefoie be 8 ' 9 ''. 8 , 
which exceeds the value belonging to 16 '' 45'" 54‘.8 by 20 “. 8 . Accoiding to the Table, the 
value of Q cos I 1 / yaues 2' 48".5 oi 163",5 in S60‘, the inteival of tune fiom 16 '' 45"' 54’.8 to 
16 " SD"” 54*.8} hence, wo may say, as 163" 5.360*S 0".8 ; a* =: 45’ 8 , so that the time of the 
imtneision will bo 45‘.8 befoie iC* 45"" 54’ 8 , oi at 16 " 45'™ 9* appaient tunc at Gioenwich. 

Likewise we may perceive fiom the Table that the cmcision will Uke place a shoit tune 
aftei 17 " 21'" 54’.8 5 and foi this tune wc have 

c = 16 ' 4".8 = 16 ' 080 g log 0 = 2.41257 = log 258 .57 

A' = IS 37.3 = 13 622 2 log .t E 5 2 .26848 = log 185 56 

^ 1 ^, . . 

log (c* - .!.■’) = 1.86338 73 ,01 

y/c’ = 8 ' 32''.? = 8'.545 log y/7^ =: 0 .93169 

Tlie value of T coiresponduig to this value of s/c'—a'\ consideicd as a value of Q cos i y, 

is 18' 87 ''. 2 , so that we have dj? = — 0 . 1 , and . . . , log =: 9 .000 

log = 1.134 

^7^ =! 8 ' 82".7 . At. CO = 9.068 

Coirection + .2 Log of con cctiop = 9 .202 

8 32.9 

This last numbci, consideicd ns a value of Q cos hy, coiiosponds to the tabiilai time 
17 " 22'" SO’.5, which, according to this method, will be the time of emeision, 

7 . The Inverse Problem, or compulation of an observed Occultation by the Longitudes 

and Latitudes, 

Cagiioh, in his Tngonometnu puma e sfeuca, (p 489 of the second Italian edition,) has given 
the foimulae, illustiated by an example, foi deteiniining the collections of the moon’s longitude 
and latitude, and for finding tlic diffeience of geogiaplncal longitude between two places, by 
means of thiee obseivations made in each of these places Oui object is to woik an example 
of the computation to be employed in finding the gcogiaphical longitude of a place, on the 
supposition that the moon’s place given by the Tables is collect, 01 has been picvioiisly 
corrected. 


i 



DY THE LONGITUDES AND LATITUDES. 


pel 

Eule. 

Compute by the foimulae already given (in our thud method) the apparent distance of 
the moon fiom the stai foi the moment of obseivation, employing the assumed longitude of the 
place, and the moon’s longitude and latitude from the Tables, oi as collected: compaic this 
distance with the moon’s augmented semi-diamelei, and if they aic found equal, the assumed 
longitude of the place will be the iiglit one, if not, call dD the collection of the computed 
distance, I the apparent latitude of the moon, and r the lalio of the moon’s houvly motion in 
latitude to the houily motion in longitude, and the foiimila 

(1) dL= ± - ^ - 

sill M cos I + r cos u 

vs'ill give the eiioi of the diffeioncc of longitude between the two luminaiicsj and this eiior, 
reduced into time by means of the hoiiily motion, will be tlio collection of the assumed longi¬ 
tude of the place. 

In this foiinula, the sign — takes place bcfoie the appaient conjunction, and cos u ought 
to be consideied negative, or belonging to an obtuse angle, whenever the moon’s distance from 
the neaiei pole of the ecliptic is less than that of the star. 

It may be piopci to lomaik on this rule, that if the eiior dl) should consist of several 
minutes in any case, as the equation given above is only a differential one, it will not give the 
value of dJj quite couectly But when this happens, the value of dL thus obtained may bo 
conveited into Untie, and applied as a fiist collection to the assumed longitude ^ then if the 
computation be icpcated with tins appioximale longitude, we shall obtain another eiioi rfD, 
smallei than the formei one, and this di), employed in the said equation, will bring out the 
tiue collection of the assumed longitude. . 

8. Example —Suppose the moon’s place given m the Nautical Almanac of 1826 to be 
coircct on Jan. 31, and llie longitude of the obscivatoiy at Pans 9” SI* east of Greenwich, 
likewise that the emeision of Jn; was obseived at Pans at I 7 '' 31“ 43‘.4, Pausian lime 5 then, 
assuming foi the longitude of Pans 9“ 30', let it be lequired to find the error of this as¬ 
sumption ? 

If wo subtract the supposed diffeience of longitude of the two pUicca fiom the time of 
emeision as seen at Pans, we shall obtain the coriespondmg time at Gieenwich, viz. I 7 '' 
IS’.Ii, and foi this time we have, accoidmg to the Nautical Almanac, 

D’s tine longitude . . . . . . 239° 31' 2<5".8 

l>’s tine latitude ........ , 0 63 19.6 S, 

p *s equatoiial hoi paiallax 68 4<6 1 

p *s ti lie serai-diametei . ..... IC 0 7 

© *8 1 ight ascension 20” 67 ”' 26'.3 

With these data, and the leduced latitude of Pans = 48° 39’ 11" (by Lunai Tab, 6), wo have 
obtained, by the foregoing niles (of om thud method), the following valu^ of Q, 
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Q = 7' S6" 3 r = 0° 14/ r.1 

I = 1 43.87 S = 1 50 41 

A = 16' 5".6 


With these values of Q, T, and we must now compute the appaient distance of the moon's 
centre from the stai, thus j 

lofi? Q. Si loff 4'56 .3.... ».»« 

log cos i/= log cos (1*50'41") .... 

Ai. CO. log T, or ai co. log 847.9 • « • • 

log tang u s= log tang S8* 16' 50 .... 

Ar. co log cos w ......... . 

Add log r. . 

Sum ..... . S .98344 

'This last logauthra gives tlie appaient distance of the moon’s centic fioin the stai equal to 
16' S".6, which quantity, compaied with the moon’s apparent semi-diaraotci, is found less than 
jt by 3''.0. Thenumeiatoi dD m oui foimiila (1) will theiefore be —3". Foi the value of 

the denommatoi we shall have as follows j 

I 

log sin .. . =9 .675 

log cos I = log cos (1* 48' 87") = 0.000 

sin M cos i! ia 0 .473 . . log sin « cos / . . . . . = 9 .67^ 


, . . 2.65925 

. . 9.99977 

. . . 7.07176 


. . . 9.73078 




0 .05520 

0 OOftO/l. 


log ( <1 *8 hoiiily motion in lal.) 182.9 . . . =2 .262 

Ai co. log (<!’s houily motion in long.) 2083.4 = 6.681 


r cos M = 0.077 

sin « cos / + r cos M = 0 .550 

log dD = log 3" 

dh = 5".46 


log r = 8 ,943 
log cos = 9 .945 

log (f cos if) = 8 .888 

I ■ I Hia III! ^ i ■■■ ■ ■ ' 

. Ai I co. log = 0.260 

. , . . = 0 .477 

. . , log dX = 0 .737 


The difference of longitude 5".46, at the ratio of 2083".4 per hour, gives the time 9'.4 to be 
subtracted fiom the assumed longitude at Pans, 9™ 30’, m oidei to obtain the true one, w'hich, 
by our computation, will then be 9” 20’.6, diffeimg but 4 of a second fiom what we ought to 
findj and if the computation should be repeated with this coirected longitude, the exact cor¬ 
rection would be obtained, 

9 . Bma^ks ,—'Before we conclude this our third method^ we beg leave to add a few re¬ 
marks, that may be acceptable to the leader who is interested m this subject. 
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If in the foimula of the second method we substitute the longitudes and latitudes of the 
moon and stai foi then light ascensions and declinations, and the longitude and altitude of the 
nonagesunal foi Uie light ascension of the mul.heaven, and codatitude of the observer, they 
will atfoid a new mode of solution of the pioblem in oui present case. The solution thus 
arising would be analogous to that which Signoic Cailini has given in the HJfemendi dt Milana 
foi the yeai 1809, and which was aftcrwauls extended to the computation of the eclipses of 
the sun by Signoi e Conti, in the Opuscoh Asti onmtct di Uomeu 

On a tiial of this method we have been satisfied with the lesults, but foi gieatei accu- 
lacy wo would iccoinmend substituting the cosines n and m foi tho diffeience of latitude and 
difieience of longitude, ieduced to the paiallcl of the moon, as was shown at foimula (2)' 
(page 635) and Enlc II (page 636). 

The computation of the longitude and altitude of the nonagcsimal may be avoided when 
we have a table winch gives tho angle of position of tho slai * for in tins case if we represent 
by pi and / tho values of and i computed accoiding to the foimula (3) of the preceding me¬ 
thod, (page 635,) and by P the angle of position, taken positively in the fiist six signs, and 
negatively m the last six, the values of p> and c to be employed in the present case will he 

ji*=!«,'cos P—sm P 
v jti'sm P +cos P, 






§ XCVIII THE FOURTH METHOD OF COMPUTING OCCULTATIONS OF STARS, VIZ BY THE 
PARALLAXES APPLIED IN THE MOON’S ORBIT AND IN A CIRCLE PERPENDICULAR 
THERETO 

I. The fouith and last method of computing the occullations of stars, which we pioposed to 
explain, is that in which tho paiallaxcs aie applied to tho moon’s place, in the direction of the 
tiue oibit, and of the ciicle poipendicular to it. Tho contiivancc of this method is due to 
Di. Thomas Young, the ingenious supeuntendant and editoi of the Nautical Almanac, who 
published its pimciplcs m Vol. X. (1821) of the Quaileily Journal of Science, 8ec., and who 
has given piactical rules, and woiked an example m the Nautical Almanac of 1826, as well as 
published monthly tables of the elements foi computation, as a constituent portion of the al¬ 
manac, foi a few ycais back and to come. This method will be found shoit and very conve¬ 
nient, and IS giounded on the subjoined Rules, which we will illnstiatc by the same example 
which \vc have woiked by oiu tlnee foimei methods, in oulei that the compaiison between 
them may be moi c complete 

Rule I. Find the geocentiic or reduced latitude of the place of obseivation, by subtiact- 
mg fiom the tiue latitude tho collection standing opposite to it in the following table, or from 

1 

oui Lunar Table G, which will answci the same purpose, if the compicssion be taken at or 

*■ * Duy 

1 1 1 

neaily a mean between — and . - 

300 317 
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3, Dr. T. Young’s Table for finding the geocentnc latitude. 


0 ® 

90® 

0 ' 

0 " 

15“ 

' 

75 ® 

5' 

37" 

SO® 

60 ® 

9' 

44" 

1 

89 

0 

24 

16 

74 

5 

57 

31 

59 

9 

55 

2 

88 

0 

47 

17 

73 

6 

17 ' 

32 

58 

10 

6 

3 

87 

1 

10 

18 

72 

6 

36 

33 

57 

10 

16 

4 

86 

1 

34 

19 

71 

6 

55 

34 

56 

10 

25 

5 

85 

1 

57 

20 

70 

7 

13 

35 

55 

10 

33 

6 

84 

2 

20 

21 

69 

7 

31 

86 

54 

10 

41 

7 

83 

2 

43 

22 

68 

7 

48 

87 

53 

10 

48 

8 

82 

3 

6 

23 

67 

8 

5 

88 

52 

10 

54 

9 

81 

3 

28 

24 

66 

8 

21 

89 

51 

10 

59 

10 

80 

3 

51 

25 

65 

8 

86 

40 

50 

11 

4 

11 

79 

4 

12 

26 

64 

8 

52 

41 

49 

11 

7 

12 

78 

4 

34 

27 

63 

9 

5 

42 

48 

11 

10 

13 

77 

4 

55 

28 

62 

9 

19 

43 

47 

11 

12 

14 

76 

5 

16 

29 

61 

9 

31 

44 

46 

11 

18 

V___ 







45° 

11 

14 

_ i 


Tor instance, the latitude of Gieenwich being 51® 28' 4'0", the coriectioii is 10' 57", and the 
reduced latitude 51® 17' 43" by the table above given. 

Eolu II. With the latitude thus reduced, find the moon’s altitude foi the instant of con¬ 
junction in light ascension, and foi an hour eailiei oi latei, and compute the paiallactic angle 
(P42)fig.l. of Plate XXXI.), foi med by the circle of declination with the vortical circle: 
this angle, subtracted fiom the jiokr oihital angle, (P <i «') found in the Elements, or added 
to it, according to tlie relative situation of tlie angles, will give the parallactic orbital angle 
(Z s. 4 ') foimed by the oibit with the veitical ciicle 

Example ,—Accoiding to the Elements of the occultation Jm. taken fiom the Nautical 
Almanac of 1826, we have 


Moon’s conjunction with Sm. Jan. 81 at Gieenwich , 17 '“ 27“" 26* 

Diif of declination between the star and moon, , , 1“ 6' IS" 

Moon’s houily motion in hei orbit ... , . 0 84 51 

Polar oibital angle.S. 82 40 0 E. 

Moon’s and star’s right ascension.15" 50”" 4* 

Moon’s declination.21® O' 48" S. 

Sun’s light ascension.20" 57'" 28*.9 


This occultation as we have had occasion to obseive more than once befoie, being acceleiated 

by the elfect of paiallat, we must compute the moon’s altitude for an houi before the time of 

true conjunction, or at l6" 27'* ®6', for which time we have deduced by inteipolation, fiom the 
Nautical Almanac, 
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Moon’s light ascension.IS" 47™ 36* 

Moon’s declination .... 20 56 17 S. 

Sun’s right ascension.. 20 57 18.7 

The differences of the moon’s and sun’s light ascensions at the two times will then be 

at 17 '* rr 26’ (18'* 52® 35*. 1 

16 27 26 tl 8 50 17.3 


and subtiactiiig from these diffeiences then coiiesponding tunes, we shall have the moon’s 
hoiaiy angles, thus j 


at 17" 
16 


17™ 

27 


26 ' 

26 


1 “ (1 ’s hoi ary angle i ^ 


25™ 9M K. 
53 51 .3 E. 


8 . Di, Young computes the altitudes by means of the lequmte Tables, or of Piofessoi 
LaaPs Tables, but as these Tables may not be always at hand, we will make the computation 
in oiu c’lample by the common logaiithmic Tables. 

Let the icduced latitude be denoted by <p, the moon’s declination by D, and the horary 
angle by II, then the altitude and the paiallactic angle, 01 angle made by the veilical with the 
eucle of declination, may be obtained by tlie following foimulroj viz. 

tang X = cos II cot <p 

sin alt = sin <p and tang paial. angle =; tang H -— 

cos X cos (Z) + x) 


Now foi the caiUer tune we have 11 — 1 " 25"* 9 M, 01 in space (by oui Timd Tad. at p. 109), 
II = 21 “ 17 ' 16 ". Then 

log cos JZ =9.96981 log tang 22" . . . =9.59066 

log sin (p . =9.89231 log cos (p =9.90879 

I-. - .* ^_ ___ 

log tang X =9 .87310 


Ai. CO. log cos X =0 .09621 


log sin {D + x) =9 .48320 


4’=36“ 44' 45" log sin 4* .... =9.77689 

I) =21 0 48 

P ■ ■ I I ll 'I ' ■ ' ■*" ■ 

D + x — 15 43 57 Ai. CO. log cos (i)+.t’) = 0.01658 


log sm alt. . = 9 42172 

fl *8 alt. . . . =15“ 18' 43" 


log tang . =9.38413 

«’s P.A . . . 18“ 36' 89" 


In the same manner, for the second period we have found 

«’s alt. = 11 ° 15' 49 " d’s F.J 21° 51' 0 " 

The moon being to the east of the meudian, the vcilical circle (d passes up to the light, 01 
to the west of the ciiele of decimation (dP), and within the moon’s oibital angle P d <f', which 

4 Q 
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IS maiked SE in the Table of elements, we theiefoie subtiacl fiom 

Polai oibital angle (P« ^ .... 82“ 4.0' 82“ 4.0' 

Paiallactic angle (P«^).13 37 21 51 

Paiallactic oibital angle (E 4«')... 69 3 6o 49 

Rum III. To the piopoitional logauthm of the hoiizontal paiallax, pi opci ly i educed, 
add the logaiithimc secant of the apparent altitude, obtained fiom the appioximatc paiollax m 
altitude, and also fiist the secant and then the cosecant of the paiallactic oibital angle, in each 
position, the diSt Iesult will give the paiallax 1 educed to the hue oibit, and then difference 
will give the collection of the hoiiily motion in the oibit. The diffeicnce of the second lesult 
will be the tangent of the angulai collection, if the collected lioiuly motion be made ladius. 

Table for con ectmg the propm timal Log ai itlim. 

Lat. 0. 11. 19. 25 SO. 34) 39. 43 . 47 . 51 56 . 60 . 65 . 71. 79 . 90 

Add 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Eor instance, the moon’s hoiizontal paiallax at midnight of Jan 31, 1826, is cxpiesscd by the 
propoitional logauthm 4856, and at noon Feb. 1, by 4868 (Naut. Aim.) consequently at 
17 " 27 “ we have 4867, and at 16'' 27“ 4860, which numbcis, collected by adding 9 foi the 
latitude, become 4870 and 4.869* 

We then pioceed thus, 


Fust Plop, log .... 

4870 

Second Pi op, log . . . 

. 4869 

log sec alt 15“ 19 ' . . . 

0157 


11“ 16' . . 

. 0085 

56' 34" 

5027 • 

« « « 

57 ' 3]'' 

. 4954 * 

Alt . 15 18 43 


< ♦ t ♦ ♦ 

11 15 49 


log sec 14 22 9 

0138 


10 18 18 

. 0071 

Plop log coi pai. in alt . 

5008 

« « « 

4 4 t « * 

. 4940 = 1 

log sec pai, 01 b ang. 69“ 3' 

4467 

> * « t 

60“ 4 . 9 ' . . 

. 3119=2 

log cos . 

0297 

« 4 * » 

« i 

. 0590 =; 3 

Par. on ti ue oi bit 20' 18".7 

9475 

Pai. on tiue oibit 20' 8" 5 . 

. 8059 = 1+2 

Par. pel pend ^ 53 3.5 

5305 

Paial, of pel pend. 50 22 7 • 

. 5530 = 1+3 

Diffeiences . i 7 49 .8 





( 2 40.8 





3’s hourly motion (34' 51") 

- (7' 49".8) = 27 ' 1".2 

Prop, log , 

. 8256 



2 40.8 

Plop, log , 

1 8271 

log tang of angulai collection 5“ 41' 

* • ♦ # 

« i t « 

8 .9985 


As the orbital parallax tends towards the western horizon, and retaids the moon’s appaient 

motion in her oibit, the difference of the letaidation, 7' 49''.8, is subtracted fiom the houily 
motion. 

The leader must recollect, that if a Table of proportional logarithms should not ho at liand, the comtnon 

ogaiwt ms corresponding to tlie parallaxes expressed m seconds^ may be obtained by adding to the complements of these 
numbers the constant number 3 0334» 
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With lespect to the angulai coirection, as the paiallax in altitude is less an hour before, 
the visible oibit is cliveiging fiom the tiue oibit in a soiith-easteily diicction, consequently it 
must be subtiacted fioin the S.E. oibital angles, which will then become SS** 41' = 

76“ 59*, and C9° 3*-' 5° 41'= 63° 2®' lespectively 

Rule IV. By means of the oibital angles tlius found, lediice the parallax at the conjunction 
in light ascension to the visible oibit, and to the diiectiou peipendiculai to it; and icduce the 
difference of declination to the same dnection, then the sum oi diffeience of the foimei results 
leduced into Ume^ according to the visible hoinly motion, will give the time of the neaiest 
appioach, and the sum or diffeience of the latter icsulls will give the neaiest distance. The 
houily motion may bo leduccd to the visible oibit by incieasing it in the latio of ladius to 
the secant of the angulai collection, agiecably to the following work ; viz. 


Differences 


10™ 33’.5 = letaidation m the visible oibit. 
13' 44" = neatest distance. 


prop log coi. paial m alt. 

. . 5008 

piop. log diff. dec. 66' IS" 

. . 4843 

log sec 63° 22' , . . 

. . . 3485 

log see 76° 59 . . . . 

. . 6474 

cosec ... ... 

. . . 0487 

COSCC « « f « 4 f « 

. 0113 

pi op. log 25' 28" . 

. . . 8493 

piop. log 14' 54".5 . 

. . 1.0817 

pi op. log 50 47 . . . 

. . . 5495 

piop.log 64 31 ... 

, . 4456 


piop. log visible homly motion in the oibit , . . 8236 

log sec angulai collection ... .... 0021 


pi op, log visible motion . . . 
pi op log one honi .... 


plop, log . . , . 


10'" 33’.5 


prop, log . . 23 20 

conjunc in R. A = 17 ^7 26 


ifp h 


middle 


» « 


17" 4™ 6 


s 


•» « « « 


• I « » 


* « 


f f « 


8215 

4771 

■^11 . ■ 

m 3444 

1.2017 

0.8873 


Rule V. It may in some cases be necessaiy to lepeat the computation of the effect of 
paiallax at the tune thus found, and to correct the visible hourly motion accoidingly, oi to find 
the apparent distance at the given time by some of the ordinaiy methods but as wc propose 
to detcimme the times of imincision and emersion, such as may be sufBcicntly accuiate foi all 
oidniaiy pmposes, we will in the fiist place see what lesults aiise simply fiom an appioxi- 
mation, and will afterwaids show how to deduce the lespective times to the neaiest second. 

Rule VI. Find the sum and diffeience of the nearest distance and of the moon’s semi., 
diameter piopeily augmented, and subtiact fiom the half sum of then piopoitional logaiitlnns, 
that of the visible boinly motion the diffeience will be the piopoitioiml logarithm of the 
scmi-duiation, 


4 q 2 
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The moon’s scini-diametei, as given in the Nautical Almanac, will be 16 ' 0".7 at I 7 " 27 “ 
and 16 ' 0".9 at 16" 27 “, with these semi-diaineteis and the altitudes found above, used as ai- 
guinents, entei Lunar Table 7, which will give the lespcctive augmentations 4".2 and 3".l, 
and consequently the appaient senii-diaineteis will be 16 4s .9 and 16 4 .0, so that by interpo* 
lation we shall have the seini-diametei =: I 6 ' IfA at I 7 '' 4“ , thus 

16' 4".5 

13 44.0 

m ■■ ■ ■ '—i 

29 48.5 plop log .. .. 0 ,7809 

2 20.5 pi op. log. 1.8857 

Sum 2 *6666 

Half 1,8333 

pi op* log foi visible motion , * , , m 3444 

pi op* log • 18”^ ^8* semi duration * * • 9889 

middle . 17 <1< 6 

16 45 88 immeision. 

17 22 34 emeision. 

4* The times of imincision and emei&ion thus found are sufficiciUly acciuatc foi the ob¬ 
ject of aniioiuicing the occiuiencc of the phenomena, but as it is always dcsuablc to know how 
to obtain all possible acciuacy by the method wo adopt, wo will pioceed with our example to 
deteimine the time of the inuncision to the neaicst second* 

A little considciation of the punciples of this fouilh method of computing an occiiltation 
wiU convince us, that to obtain oiu object, we have only to lepeai the computation accouling 
to the same piocess, by assuming the two times, including the inomcni of immeision, scpaiatcd 
by a shoit infecival of only five minutes, m oidci that, dunng this slioit mtcival, the cone* 
spending poition of the visible oibit may bo stiictly consideiccl as a stiaighl Imo desciibcd 
with unifoun motion* 

Let us assume the said times at 42”^ 26®, and I 6 ’* 47"‘ 26% and tlicn wc sliall find 



at 

16" 42“ 26’ . 

. at 

16" 

27 “ 26 ’ 

Moon's light ascension , * • ♦ 

287" 

S' 

ia''.9 . 

, 287° 

6' 

19".0 

Moon's declination *•*.,* 

20 

57 

25.8 . 

. 20 

57 

GO 

Moon’s polar oibital angle * * , , 

82 

31 

12 




Moon’s hoiuly motion in tlie mbit 


34 

52,1 




Star's distance fiom the cuclcof dec, > 
passing thioiigh the moon , . j 

Stai's distance fiom the ciicle pass-) 


25 

48 .5 




mg thioiigh the moon and pei-> 
pendiculai to her ciicle of dec* ) 


69 

37 .5* 




Moon's reduced houzontal parallax 


58 

39 .5 





* These hst two qunntities ought to be computed by the sume formula) that we have given m the mond method for 
obtaining the values of m and 71 , except that the letters belonging to the moon must bo changed for those bolonguig to the 
star, and vice versli 
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5. The computation accoidmg to the formiilse, given undei Rule II., will alfoid the fol¬ 
lowing altitudes and paiallactic angles, viz 

at 16'' 43"' 26’ . . le" 4 . 7 "’ 26* 

Moon’s altitudes .... 12° 26' 4*0" . . 12° 48' 5S" 

Moon’s paiallactic angles . 19 53 50 . . ID SO 47 

Moon’s paial. oibilal angles 62 37 . 63 I 7 25 

Fiom these numbeis, by tlie piocess undei Rule III., the appaient altitude, visible houily 
motion, and angulai collection of the oibit, will be found as follow, 

log moon’s parallax malt, at 16 " 4*2"' 26 ’ . . . 3 .53769 

log homly motion in the visible 01 bit ..3 .21644 

Angulai collection. 6° 54' 

Now accoidmg to Rule IV. wc must determine the nearest distance of the star fiom the 
visible oibit, and the tunc at which the moon is at this point. As, in the supposition of Rule 
IV., the slai’s distance fiom the ciicle of declination at the first peuod, or moment of true 
conjunction m light ascension, was nothing, no leduclion was applied on account of this dis¬ 
tance, but m the picscnt assumption, in oidei to obtain the nearest distance, we must apply 
to the icsnlt given by Rule IV., with the piopoi sign, the stai’s disLuice fioin the moon’s 
cnclc of declination multiplied by the sine of the visible oibital angle, and to obtain the le- 
taidation m the oibit, the same distance must be multiplied by the cosine of the said angle. 
The woik will stand thus, 


1. log stai’s dist fiom moon’s ciiclc of dcclin. 

. 0" 25' 43" .5 . 

= 3.18851 

2. log star’s disl. fiom cucle pcipendicular to it 

T 9 37 .5 . 

= 3 .62091 

3, log sin visible oibilal angle ... . 

76 57 12 

= 9.98805 

4. log cos ditto . 

I- « 1 « 4 * « 

rs 9 *364<38 


nat. niun 4064". 1 . 

3 .60896 

4* ••«••«•#••••« 

nat, num. 357.2 . 

Diff. 3706.9 

2 .55289 


nat. num, 1501.6 . 

3 .17656 

(2 + 4). 

nat. num. 966.7 . 

Sura 2468 .3 

2 .98529 


Befoie we proceed fuithei we may remaik hcie that, as the visible orbit is inclined towaids the 
stai, the peipendiculai diawn fiom it upon the oibit is diminished on account of the distance 
of the star fiom the ciiclc of the moon’s declination, and the number 357.2 is subtiacted on 
the contrary, the poition of the visible oibit contained on the moon’s oibit, between the said 
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peipendiculai and tho moon, is augmented on account of the stai’s distance fiom tlic cucle of 
the moon’s declination, and theiefoic the numbei 1501.6 is added. Then 

Log moon’s paiallax in altitude ... . .3 .53709 

Log sin visible paial. oibital angle 50“ 13' 2^" ... .9 .92220 

Log cos of ditto ....... ..... 9 .73933 

nat. num 2883".3 8 4.5989 

nat. num, 1892.4.. 3 .27702 

Neaiest distance ... . 823.6 

Retaidation in the visible oibit . . 575 9 

6. Now the moon’s augmented semi-diametei being found equal to IG' 4.".3, the loot of 
the pioduct of its sum and difference taken with and fiom the neaiest distance becomes 501".5, 
winch numbei, subliacted fiom the lelaidation in the 01 bit, leaves 7'1'".4., and this small aic 
conveited into time by means of tlie houily motion in tho visible mbit becomes 2” 4.2*.7} and 
tho collected tunc of imincision will bo 16" 42™ 26’+ 2™ 4-2’.7=l6" 4<5"' 8’.7 appaient tune 
at Gieenwicb, which is veiy noaily the same as we deleimined by the picccding methods 

7 . The Imene ohlm, or compulation oj anohset'ced QccnllaUon hy the parallaxes 

applied to the Moon’s Ot bit and m a circle pet pendkcttlai the? elo. 

The pioblem of deducing fiom an obsoivation tho tunc of the moon's ncaicst appioach 
to a given stai, by applying the paiallaxcs in the 01 bit itself, and in a cncle pci’pcndiculai to 
the mbit, has been tioated of by Mr Thomas Ilcndeison of Edinbingh, whose method of 
computing depends on ccitam rules which have been published 111 the Nautical Almanac of 
the ycai 1827. This method supposes that we know fiom obsoivation the value of the tine 
neaicst distance of the moon fiom the stai, and also tho moment when the moon is in this 
situation, which quantities will be found alicady computed 111 the Nautical Almanac of 1827 
and following ycais. (See Rule III. of the Inveusk Proiilem by ^voJi?'st method) 

Hum s. 

Role I Compute tho altitude and paiallaclic angle of the stai foi tho time of obseivation, 
and foi the 1 educed (oi gcocentuc) Utitiule of the place, as has been bcfoic explained. The 
paiallactic angle has the sign + befoic the stai has passed the mciidian, and — aflci. 

The complement o( 90° of the moon’s oibilal angle (P i> sO must have the sign •— when the 
moon’s neaiest appioach to the star and the oibilal angle have the same denomination, N 01 
S, and + when they aie of diffcient denominations. The sum of those two angles is the 

complement of the parallactic oibital angle )>', oi the complemcntaiy angle with its piopei 
sign. 

As an Example, suppose that the immeision of Jni has been obsoived at Giecnwich at 
16" 4 . 5 "’ 9’ > let it be lequiied to find the neaiest appioach ? 

The light ascension of the sun being at this time 20" 57 ™ 21’.8, and the light ascension 
of the star 15" 501" 4’, we shall have the hoiaiy angle =: 2" 7™ 32’ .2, 01 in space 31° 53' 18", 
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and fiom these, by means of the foimula given undei Rule IL (fotirlh method') the star’s alti¬ 
tude will be found 11“ 25' 20", and the paiallactic angle + 19“ 41' 88", Then we proceed 
thus 


Oibital angle . . . . , 82“ 40' SE — D 

Complement ..... i- 7 ®0 

Paiallactic angle .... +19 41 38 

Comp, paial oibiUl angle . +27 1 38 

If the complementary oibltal angle should exceed 180“, its supplement to 360“ must be taken 
with the sign leveiscd. 

Rull II. Add togethei the logauthm of the moon’s icduced hoiizontal parallax, the loga- 
ntlnnic cosine of the star’s altitude, and the logaiithmic sine of the complemeiiLaiy angle. the 
sum will be the logarithm ol the orbital paullax, which must have the same sign as the com- 
plementaiy angle. To this last logauthm add the logaiithmic cotangent of the complcmentaiy 
angle, and this sum will be the logauthm of the pcipendiculai paiallax, which must have the 
contiaiy sign to that of the moon’s nearest appioach, when the coraplemonlaiy angle is less 
than 90“, but the same sign when it is gieatei, considcnng + as belonging to the moon’s dis¬ 
tance, when she is N of the stai, and — when S. The woilc will stand thus, 


log 1 educed horizontal paiallax . . . 

0“ 

58' 39".5 

•» i 

3 .54648 

log cos slai’s altitude. 

11 

25 20 

9 t 

9.99131 

log sin comp, paial. oibital angle . . • 

27 

1 38 

9 «» 

9,65745 

oibital paiallax 26' . 

i 1 

« « * 

Sum 

8,19524 

log cot. comp, paial. orbital angle . . 

» 1 

« 9 « « 

« 9 

0 .29232 

peipendioulai paiallax 51' 13" . . . 

# # 

• « 9 

Sum 

8 .48756 


Rule III The sum of the moon’s neatest appioach and of the poipeiidiculai paiallax may 
be consideied as one of the sides, and the moon’s semi-diameter, without augmentation, as the 
hypothenuse of a ught-anglcd luanglc, of which the othci sine is to be dotci mined It will 
have tire sign + in the case of an immersion, and — in that of an cmcision. The sum of this 
quantity of the oibital paiallax, being reduced to time by means of the moon's houily motion, 
and then applied to the tune of observation by addition oi subtiaction accordingly as il bears 
the sign + 01 —, will give the time of the neaiest appioach, reckoned according to the me- 
iidian of the place of obseivation, winch time being compaied with that of the same pheno¬ 
menon, as given foi Gieenwich in the Nautical Almanac, will affotd the means of deteimining 
the dideience of longitude of the two places. 

Let us assume the value of the neaiest distance, and the tune of neaiest appioach, as 
detei mined undei Rule HI. of the Inverse Problem of om Jirst method, and we shall have the 
sulgomed compulation ) viz. 
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Nearest distance . . . 

. 65' 

40".5 


Pei pend, parallax . . 

+51 

13 


Diffeience , . . 

. 14 

37.5 


Semi-diametci .... 

. 16 

0.8 


Sum . 

. 30 

38 .3 

log 3.36305 

Diff. 

1 

33 .3 

log 1.96988 




3)5.33193 

Side . . . . . 

. 6 

53.0 

. . 3.61596 

Oibital paial , . . . 

. 36 

7.6 



33 

0.6 



The Space S3'0".G iccluced into time at the late of 34<'51"pei houi (as befoie detenmned), 
gives 56"’4i9’.9 to be added to 16" 45’" 9‘» the obseivcd lime of the imincision, and makes 
17 " 41"’ 58’.9 foi the time oi'ueaicsl appioach, which dilfeis only by two tenths of a second, 
flora that which we obtained by owi fint method (Rule II.) fioin the elements contained in tUo 
Nautical Almanac *. 

8. It will be piopci to lemailc heie, that though the lesult is very satisfactoiy in this 
instance, yet such acciuacy is not always to bo expected fioin this method without some modi¬ 
fication, particulaily when the inteival between the time of immersion and of the ncaiost 
appioach, as heio, is ncaily one hout. The vaiiation of a second, 01 even of some tenths of 
a second, 111 the ncaicst distance of the moon fioin the stai, may sometimes pioduce an eiror 
of some seconds in the tunc of the ncaicst appioach, and as all the quantities aic considciod, 
in this method, as changing with an unifoim motion, and in a stiaight line, without having 
I'egaid to the tcims of the second order, it is piobable that slight eiiois will fiequcntly exist in 
them. On tins account, wo will piocced fuithei to show a piocess of computation, by which 
an account will be taken of the teims of the second ouIei,so as torendei the solution pei fcclly 
correct. Foi in woiking the Rever’se Problem, it will seldom happen, that appi oxiniation 
will be so satisfactoiy as complete accuracy, paiticulaily when the object is, to deteimine llic 
longitude of the place of obseivation. 

9 . A more cor > eel Solution, 

RuiEs. 

I. Find, as was expUined unctei Rule L foi computing with accuiacy/^ &c* by oui 
second method (at page the moon’s houily motions of the fiist and second oldois, both m 
light ascension and declination, multiply the houily motion of the fiist older in light ascension 
by the cosine of the moon’s declination, and divide the pioduct by her houily motion of tbo 

* In tlio Nautical Almanac of 1830, we fiiul that Mr Ilciidcison has given a method of solution of the appio\i« 
mate method, which renders tho ambiguitj of the angles less linhlo than in the preceding rule 
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filst Older in declination 5 the quotient wdl be the tangent of the polar orbital angle to be 
employed in oiu case. Then divide the same pioduct by the sine of the polai orbital angle, 
and this quotient will be the moon’s houily motion of the fiist ordei in the oibit. With these 
data find, as usual, Ihe neaicst distance of the moon from the stai, and the time of the nearest 
appioach. 

Undei Rule I. of 0111 second method above referred to, we found, foi instance, 

Moon’s houily motion of 1 st oidei in R. A, 87 ' T.D . . . log 8 .34)672 

Moon’s declination 21 ° 0 ' 48".... . ...... log cos 9 .97011 

> "I I I 

log product ... 8 .81688 
Moon’s houily motion of 1 st oidei m dechn. 4' 26".6 Ar. co. log . 7 ,57414 

Tang, polai oibital angle 97° 19' 28".fiist snra . 0 .89097 

Ar, CO, log sine . 0.00356 

Moon’s houily motion of 1st oidoi m 01 bit 34' 51".2 . second sum 3 ,82039 

Ditf. of declni, between the moon and stai 66 ' 13" , . . log 8.59911 

log sine paial. angle 9 .99644 
log cos 01 b. angle . 9 .10547 

. ii . . . 

Neaiosl distance 65' 40".5 ..,3 .59555 

Distance fiom the ncaicst approach — 8 '26''.5 ....... 2.704.58 

The distance in the 01 bit fiom the neaicst appioach reduced into time, at the rate of 34' 51“2. 
pci horn, pioduces Id)™ 82’ 0 to be added to the time of true conjunction, and the tunc of the 
neaiest appioach thus obtained is 17" 41™ 58*. 

ir. By the founulo 3 and the piocoss given undci Rule II. of oui second method, (Appioxi- 
male Invciso Pioblcm,) compute the values of m and n conesponding to the lime of the 
obscivcd imineision. Fiom the value of m leduced to the moiidian of Gicenwtch, and that 
of n, diminished by the dilfoicnce of decimation between the moon and star at the time of the 
tiuc conjunction, subliact lespcctively the moon’s motions, of the fiisl oidoi, in light ascen¬ 
sion and in declination, in the piopoihon of the inlcival of tunc between the unmeision (or 
emciSion) and that of the neaicst .vppioach. The dilFeience between the flist lesuluo multi¬ 
plied by the cosine of the oibital angle, and of the second lesidue multiplied by its sine, and 
leduccd into tunc, at the late of the houily motion (of the fiist oulcr) in the oibit, will give 
the collection of the tunc of neaiest appioach j and the sum of the first lesidiie, multiplied 
by the sine of the oibital angle, and of the second losidue, multiplied by its cosine, will give 
the collection of the ncaicst distance. 

Having by these means found the piopei values of the tunc of the nearest appioach, of the 
neaiest distance, of the oibital angle, and of the houily motion, deteimine by these, accoiding to 
Ml Hendeison’s method, the exact tune of neaiest appioach foi the place of observation. 

10. Ihe values of m and n conesponding to I 6 " 45™ 9’, accoiding to the duections undei 
Rule II of our second method, (page 643,) aio =; 24' 22 ", 0 , n ~ 69 ' 20".84 ~ 66 ' IS" = 

VOL. II, 4 R 
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3'7".84<, and the moon’s motions, of the fiist ordei, in light ascension and dochnation, in 
4,gm jjfg jjj A. = 24’ 21".d, mot, m dec S' 7**87, hence wc have 


1st lesidue = 0.4 

log 0.4 9 60 

log sin 01 b ang. 0.00 
logcos. oib ang 9 11 


2d residue 0 03 

log 0 03 8.1-7 

. . . . 0.00 

. . . . 9 11 



1st pait 0" .4 1st pait O" 0.3 

2d part 0 .0 2d pai L 0 05 

correc, of neaiest approach == 0 .4 coiioc of iicaiest distance = 0 .08 

The propel time of the ncaicst appioach will now be 17" 41™ 58’,4, and the collected neaicst 
distance 65' 40' .4 

Lastly, if we lepeat the opciation with these last found values of the time of the ncaiost 
appioad), of the neaicst distance, of the houily motion, and of the oibital angle, wc shall find, 
that the intoival of tunc between the obseived immeision and the time ol ueaiest appioach, 
accoiding to Mr. Ilendeison’s method, comes out 56™ 49’ .4, which added (o the tune of iiimici- 

sion makes 17" 41™ 58* .4, which deteiminalion noaily accoids with the solution we have bcfoie 
given. 

11. Having now gone thiough the foui methods of computing the tunes of an imnicision 

and emersion of a stai by the moon, wc subjoin acompaiativc statement ol the losiilts, to show 

that, in point of accuiacy, they may be lesoilod to with equal confidence, when the d.ila foi 

finding the moon’s exact place aic repeatedly collected, and all the lequisito luiiuitiai attended 
to in the computation. 

By the hist method By the accoiul incthod By tlio thud iiu-thod Bj llit ftmith metliiifl 

Time of immeision IG" 45™ 9’,I 10" 45™ 9’ IG" 45™ 9’ l6" 45™ S’.7 

Tune of emeision I7 22 31 .4 | I7 22 31.4 | I7 22 .30.5 I7 22 34* 

It IS scarcely necessary to remark, that in obseiving an occultalioii with due caic, both a 
good telescope and a good clock are indispensable, wheio the fiaction of a second is a poiLion 
of tune not to be neglected, and wheie both tlic ciroi and late of the clock aio involved A 
tiansit-instrumeiit 18 thereto!e also iiecessaiy foi giving the coireclions depending 011 the eiioi 
and late. As both the immersion and eraeision may be accompanied by ciiciiinstancos tliat 
call foj particulai notice, accoiding to the pait of the limb wheie tho phenomena lake place, 
and to the general appeaiance of the lunai disc, it will in geneial be desiiablc to pay attention 
to any gtadual 01 sudden change that may take place in tho apparent size, coloui, 01 motion of 
the star, pieccding the moment of its disappeaiance, and subsequently to its 1 e-appeai ance, 
and foi such purpose, the same telescope should be used in both cases while 111 the same slate 

ilijs IS given only by opproximotion (p 008 ) 
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of adjustment, as it legauls the stai obscived* In fact, any unexpected appeal ance should be 
recouled as a pait of the obseivation, in conjunction with the corresponding moment of tune. 
In sevcnal total eclipses of the sun, a iing of light has been obseived to sunound the moon, 
which phenomenon has been cousideied as indicative of a lunai atmospheie and indentations 
iidve been observed on the edge of the moon^s duik hmb, at the immcision of a planet oi satel¬ 
lite 


§ XCIX ON &OLAR ECLIPSES, Oil OCCULTATIONS OP THE SUN BY THE l^IOON 

1. Tiir computation of a visible eclipse may be lequued cither foi a given place of obseivation, 
01 m geneial foi all the places of the eaitli, wheio il may be seen As the computation of an 
eclipse, in the foimci case, diifeis veiy little fiom that of occiiltaiions of stars, which has been 
fully explained ui the piccoding sections, we will limit ouiselvcs to the modifications, that each 
of the foul given methods icqiuies, when applied to the eclipses of the sun* The beginning or 
end of an eclipse takes place when the disc of the moon comes in contact with that of the sun, 
at which momcnls the distance between the centics of the sun and moon is equal to the sum of 
then semi-diaineleis When the disc of the moon covers a pait of th ' sun s disc, then a phasis 
takes place, and the magnitude of this phasis is measiued by the obsciiicd pait of the sun’s clia- 
mctei, which lies in a diic( lion towauls the centie of the moon. The phasis, oi obsciucd pait, 
IS expiesscd in twelfth paits of the whole diametei of the sun, which aie called di-gtls, and it 
IS evident that tins paii is equal to the diirercnce between the sum of the scmi-diainetcu of the 
sun and moon, and the distance between their ccntigs. The magnitude qf an echjise, in a given 
place, IS dctoi mined by the gieatcst phasis that is seen at that place When all the disc of the 
sun IS obscuicd, oi coveicd by that of the moon, the echpae is called total; when the disc of the 
moon appeals piojecled on that of the sun, leaving all lound him a iing of light, the eclipse is 
said to be annular, and when the centics of the sun and moon aie seen m the same duecUon, 
one ovei the othei, then the eclipse is said to be centrals 

Q, • First Melhod, 

Tiom these definitions, itcleaily appears, that, in applying the flist method, given foi the 
occLiltations o( stais, to the eclipses of the sun, for the beginning and the end of the cchpsc, we 
must substitute the sum of the appaient bemi-diamcleis of the sun and moorr foi the value of 
g, which in an occultation ofastai lepiosentcd only the moon’s apparent semi-diamelot, and that, 
when we wish to deleuiiinc a phasis, we must substitute foi ^ the sum of the two appaient serni- 
diamoteis, diminished by the phasis, oi obscuiedpait of the siiiVs semi-diameter. It is also to be 
obseived, that, accoidmg to Hide II, which employs the appaient zenith distances of the stai, 
these now become the zenith distances of the sun, and will lequiie the collection foi parallax. 

3 Second Method* 

The an<dys!s employed for finding the equation (1), in the Second Method foi the occult- 
ations of stais, N\hon applied to the eclipses of the sun, leads to the following equation — 

{(w —«/«.) +(n-TO‘{^ ^ + (o— vw) tang (D-/) 


4 a 2 
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where jw, n, /*, and d denote the same quantities as bofoie , 

J) denotes the semi-diametci of the sun, 

y the phasis, oi obscuied pai t of the sun’s seinudiametei, in the diiection of the appaient 
centres, 

0 the cosine of the true distance of the moon's centie fiom that of the sun, 
aa the cosine of the sun’s zenith distance, 

9 the diffeience of the hoiizontal paiallaxes of the moon and sun. 

In this equation, some small teims have been neglected, which, howevei, can nevei pio- 
duce an eiioi exceeding one-tenth of a second of space 

We may fiequently substitute, in the above equation, 1 for cos (D—y), and foi o, and the 
aics d and D~/hi sm d and tang (D—y)» by which substitutions, only the thud poweis of 
small aics me neglected. In this case the equation is leduced to 


(a) {(ffi—ir/t)‘ + (»—+ {Jy—f) 
and at the moments of the beginning and end of the eclipse, to 

{(ot—' 7ryi)* + (M —wvy}i=:d+(l"-»rto). D, 


This equation shows, that, instead of the tine semi-dwmetei of the moon, which is employed m 
the occultations of stais, we must now substitute the sum of the moon’s tiuc scmt-diaraelei, and 
of the sun’s, when diminished, according to his altitude, by the same quantity, by which the 
augmentation of the moon’s semi diameter, on account of hei altitude, is computed. (See Liinat 
Table 7» Vol. I., p. 186.) Seveial celebiated authois have given false rules about this leduc- 
tton of the semi-diametei s. 


4 


T/nrd Method. 


Ihe formulae of Cagnoli’s scheme are general, and applicable to eclipses, «ind we have only 

rp 

to compare the appaient distance of the centies expressed by-with the sum of the moon's 


cos %i 


apparent semi diametei and sun's semi-diamelei diminished by the phasis^# 


Fourth Method* 

This method may be applied to the eclipses by employing the diffeienccofthe hoiizontal 
paiallaxes of the sun and moonj instead of that of the inoont In the duect pioblem, viz that 
of computing a visible eclipse, we must employ the sum of the moon^s apparent semi-diameter 
and of the sun's diminished by the phasisas xn the thud method ; and in the invoise pioblein^ 
the second member of the equation (a), must be substituted foi the mooiVs tiue semi-diametei» 


Computation of a General Eclipse* 

i he computation of a general eclipse is performed^ to ascertain in what places an eclipse 
will happen under particular ciicumstances favourable foi obsei vat ions, to warn tiavelleis, who 
visit distant countiies, of the phenomena that they may there observe oi expect j or sometimes 
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foi mere cuiiosity. For these objects great accuracy is never wanted, and astronomers have 
adopted the plan of making only a rough computation, just sufficient to trace a map, m which 
are delineated, 1st, the lines passing thiough all the countiies in which the magnitude of the 
eclipse will be denoted by a certain number of digits, and these lines are called the hnes qf the 
greatest jphasts 2dly, the hnes thiough all the countiies in which the beginning oi end of the 
eclipse will happen whilst the sun is using or setting Sclly, the lines through the countries 
where the greatest phasis will be seen when the sun is at the hoiizon. The method most com~ 
monly employed for the computation and constiucUon of such maps is that of projection , and 
we propose to give hole an example of this method, by applying it to the construction of a map 
of the eclipse that will happen on the 15th of May, of the yeai 1836. 

7 . In peifoimmg tins example wc will avail oiuselves of the elements that Di Casaian 
Hallaska has laid down in a woik, the title oi which is, Elemenla Echpsium qms patitur iellus 
lund earn tniet et sokm ‘oersante^ ab anno 1816 usque ad annum I860. Piagce, 1816. Tgpis Theo- 
pkyh Haase, These elements have been computed flora Tncsuakei’s solai and lunai tables*. 

Conjunction of the moon with the sun after sj at 10™ ^8M true trrae at Greenwich. 

s 


s’s tiue longitude lU the ecliptic . , 1 

524.“ 

42' 

22 M 

h’s noi them latitude . ..... 

0 

25 

57.7 

tlourly motion of the B fiom llic © m long. 


27 

36.2 

b’s houily motion in latitude . ... 

+ 

2 

54.8 

O’s seini-diametci . 


15 

50.3 

b’s scmi-diamctci.. . . 


u 

51 .2 

Sum of the ©’s and h's scrai-diameteis , 


30 

41.5 

b’s hoiizoiital equatounl paiallax .... 


54 

25 .8 

®’s lioiizoutal paiallax ..... 



8 .6 

DilBPereiice between the Vs and the ©^s paiallaxes 


54 

17.0 

Angle of the ©^s circle of declination, oi flist 




mciidian, with the ecliptic on its eastern sulo 

75 

65 

6 

O^s decimation < . . .. 

18 

57 

48 N 


These elements being prepaicd, m order to understand the following computations, we 
must fiist imagine a steieogiaphical projection of the path of the moon, and of the surfticc of 
the earth, on a plane passing thiough the centre of the moon, and perpendicular to the line 
that goes from the centre oi the earth to that of the sun} the pole of the piojecUon being situ¬ 
ated in the centie of the sun itself. As the lines to be projected aie vciy small in comparison 
of the distance of the sun from the plane of projection, we may, without any sensible erroi, 
substitute ail orthogiaphical for the slereogi aphical projection, by only diminishing the lines on 
the formei projection, in the latio of the distance of the piojection from the sun to the distance 
of the point to be projected ft cm him. 

8 In Plate XXX, the udius C M of the cucle a LMb, which represents the projection of 
the earth, is supposed to be assumed of such a length, as to be proportional to the difference of the 

* Tnesnakcr's Solar Tables have not yet been publislied, lue Lunar Tables ere found in the Ephemerides of Vienna 
for the year 1803 
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moon’s and sun’s paiallaxes, andthe stiaigiit lines JFCJE, CL, and C'J/have been tiaccd toie» 
present a poition of the ecliptic, of the ciicle of latitude, and of the cude of dcclinatioB, passing 
thiough the sun, which is piojected in C, when seen fiom the centie of the eaith The angle 
ECM must theiefoie be equal to ^5° 55' 6", as given in the elements. C Q is supposed to be 
taken piopoitional to the moon’s latitude, and Q i and? y aic diawn lespectively paiallol to 
W E and C L ; the foimei being piopoitional to the moon’s hotiily motion horn the sun m lon¬ 
gitude, and the lattei to the moon’s houily motion in latitude, ’Jhe line A B, which passes 
thiough Q and q, thus lepiesents the piojection of the relative mbit of the moon. On sovcial 
points of this line have been maikeel the conesponding tunes, as leckoned at Gieenwich, at 
whidi the moon is piojected on them , the tunc of the tiue conjunction 2'' 10" 28’ having been 
placed at the point Q, wheie the ciicle of latitude cuts the mbit C 7 is a stiaight line per¬ 
pendicular to A B The elliptical aics B I, P II, P III, &c, and P XXIII, P XXII, 
P XXI, &c., aie designed to icpieseiit the piojections of the diffeient limaiy ciicles, and 
the elliptical aics passing thiough the points maiked 0°, 10°, 20°, 30°, &c, the piojections 
of the paiallels of latitude of the caith * These laltci aics, when stcieogiaphically piojected, 
may be consideied as foimcd by the successive mtcisection of the plain of piojcction with the 
lines that, fiom the centic ol the sun, go to the dillbient points of <hc cm i esponding paiallcl, 
and iheiefoic the same aics will also icpiesent the places in which an obscivoi, situated on 
that paiallel, successively piojects the ccntie of the sun dining the diiuiul lotation of the 
eaith '1 he Jcuglh of the line 11) is supposed to be piopoitional to the sum of the semi-di.i- 
ineteis of sun and moon, and that ol the hue 12 2) to the diainelci of tlio siin When 12 1} 
is giealci than 11), as in the picsent case, the eclipse will be aniuilai, when 12 7) is less than 
ID, the eclipse will be total, and will continue so fm a while, vvhen 12 7) is eijual to ID, the 


eclipse will be total, but inslanlaueous llie stiaiglit linos ah, ? 


3 3’ fib’ Of)’ 12 12’ 


aic 


supposed to be pai allel to A B, and distant fi om each othei by the foui ih pai t of the diamctei of 

c cl ^ 

the sun 1 he line ought to stand undei A at the same chsUnce that stands c>\er 

L/C X ^ 


it, and the distances fiom 


12 12 “' 9 9 


9 9* 9 9^° 00’ 0 0 33’ I'li'CWi&e the fouith 


0 0 


pail 01 the sun s diauietei To know what these lines aie destined to lepiesent, let us suppose 
the centie of the moon in any point whatsoevei m of the line A B, and fiom this point let a 
stiaight hue be diawn peipendiculai to A B, this line will mteiscet a b m some point s, and if’ 
weconsidei it as the piojectiou of a place on the suiface of the eaith, and theiefmo as the 
point m which an obseivci, situated on that place, piojecls the centie of the sun, tins obsmvei 
will see a contact of the limbs of the sun an . moon 'f he motion of the centie of the moon 
on the plane of piojection being quickei than that of the piojcclion of tiic ceiitic of the sun, 
their distance (if we neglect the small inclination ol the paiallels o' the eaith to the line a h) at 
the moments before and aftei the contact, will be gieatci than 7 7) = »? .v, oi than the sum ol 
thesemi-diamctcisofthcsimandmoon, iheiefme then discs will appeal sepaiatcd, and the 

obseiver will see only a contact of the limbs. The line ab ought then to be consideied as 

comprehending appioximatoly the piojections of the places, in which the obsei veis see only a con- 


* For the rnannci of ttacmg all these elliptical arcs, set Bbi s’ Cvo..orj5Di i, ait, PrnsPEOTivc. 
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tact of lliG limbs foi then gicalest phasis In the same mannei it may be shown, that the lines 

3 3 S3’ 06' 60’ 00 0 O’ compiehcnd the pi ejections of the places wheie the 

obseivcis sec S digits, 0 digits, and 9 digits lespectively, foi then gicatest phases The 
obscuiation will be on the noith side of the sun foi the jilaces pi ejected in the lines a h, 

33’ 06’ 99' and on the south side of Imn foi the places pi ejected 

GO’ 38' places ha\iiig then piojeotions between the lines and .g Jg, aic those 


m which the eclipse will be seen annnlai , and the obseivcis ol those places that have their 
projections falling on some point of the line A 71, at the moraent that the centic of the moon is 
toiind in it, will see the cc lipse cential, 

9. When the fignieol piojection has been accuiately drawn, and on a scale sufficiently 
laige, we can find the longitiidi'and latitude of seveial places whcic a given gicatest phasis will 
be seen by the following consliuction Lot us, foi instance, find the longitude and latitude of 
the place wheie the gieatesl phasis to be seen will be of 0 digits, supposing that the jilace be at 
that moment situated undci the boiaiy ciiclc PII, Fiom the point?, wheie the hoiaiy circle 


a b 


cuts the line /j coiiesponding to the phasis of G digits, diaw a pcipendiciilai to the line A 73, 


the tune 3'' 2"* 30', which should bo maikcd at the point ?i, wheie this peipcndiculai meets the 
said line, will give the hotaiy angle of (he sun at Gieenwich foi that moment. Fiom the angle 
of the hoiaty ciicle P //, wz 2'', (augmented if necossaiy, as in tlie picscnt case, by 24'’), 
Bubtiact Llie hoiaiy angle of the sun at Gieenwicb, now found, and the diflciencc, S'P 57"' 30', 
will be the longitude of the place in tunc counted eastwauls fiom Giecnwich. The latitude 
of the pi ice is found by tiaciiig a diamctci passing thiough the points whole the hoiaiy ciicle, 
P II cuts the ciicle a, L, JV/, 5, and by diawing two peipcndiculais to il, one thiough the 
piojection P of tlie pole^of the eaitli, and the other thiough the point i, then the aic t z, com- 
piehended between those two poipendiculais, which shall be found =: 52° 4' will give the co-lati¬ 
tude of the place The con&liuetioii of which we havejii&t given an example being poj foi need, 


foi each hoiaiy ang^lo, and successively for all the lines a b, 


a b <i b a b c d 
3 S’ G 6’ 9 9’ 12 12’ 


a d 
12 32’ 


c d c d c d 
9 9’ 6 6’ 3 3’ 


will afi’oid the longitude and latitude of scveial places wheie the coiiespond- 


inggieatest phasis may be seen, and these places being maikcd on a stoieogiaphical map of the 
earth, and joined togcihoi, will give the lines of the giealcsit phasis, which we have represented 
in fig. 3 of Plate XXXI In this flgiuc the two lines ofthe gicatest phasis, which beai the same 
denomination, (the faithcst iiom the pole P being that in which tlio sun is scon eclipsed in his 
noithein side, and the neaiest one that in which the obscuiation is obscived in the southern 
side of the sun,) are joined by two othei lines that compiehend the places where the same 
phasis IS seen on the east side cf the sun when he is iisirg, oi on the west side when he is set¬ 
ting. 'I he longitudes and latitudes of the places of such lines may be found as follows. Sup¬ 
pose we want to know the longitude and latitude of the place where a phasis of 3 digits will be 
seen, when the sun is using, the place being at that moment situated under the hoi ary circle 
P IX place one point of the compass in e where the horary circle P JX cuts the circle 
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a L M b, and with an opening equal to the distance of g f from A B, maik that point of 

the two, m which the line A B would be mteisected by a complete ciicle, which is iieaiei to Q 5 
which point 18 tnaiked/in the figuie, and the tune conesponding to it, which should be s= 
2'’ IS the hoiaiy angle of the sun at Gieenwich, at the instant of the phasi3. This hoi ary 
angle being subtiacted fiom the angle of the hoiary ciicle P IX (augmented by Sd*" when rc- 
fluiied) gives the east longitude in time of the place fioin Gieenwich = G" 16“. To the ra- 
dius, C e, apply a peipendiculai passing thiough the piojection P of the pole of the eaith, and 
the aic e g = 64° 5‘ compiehcnded between e and the point g, where that peipendiculai inter¬ 
sects the circle aBMb,m the co latitude of the place. 

10. In the same inannei may be found seveial longitudes and latitudes of the places of 
the pimts at the Imimi, by employing successively the diffeient hoiaiy angles and the differ¬ 
ent distances of the lines « g g. from A B, These places being put down in the map 

will serve to tiace the lines of the phasis at the honson, which shall join the two lines of the 
greatest phasis of the same denomination, one on the side wheic the sun is using, and the othci 
on the side wheie the sun is setting. Now, we may obseive, that foi the places wheie the sun 
is seen using, the obscuiation 13 dccieasing j so that then coiicsponding phases on the east 
side of the sun will be the giealest that lemain to bo seen at those places; on the contraiy, foi 
the places wheie the sun is setting, the obscuiation is incieasing, and tlic phases inspected on 
the west side of the sun at the hoiizon, will be the gieatcst that can possibly be seen at those 
places. The curves le-enleiing into themselves, thus foiincd by tlic union ol the two lines of the 
gieatest phasis, and of the two/inciof the phasis at the horizon of the same denomination, will 
compiehend all the places in which then lespcctive phases will be the gieatcst as seen theie j and 
by them we may foim an idea ol the magnitude of the eclipse foi any other place on the 
earth, because the gieatcst phasis, that will lie seen in a given place, compiehoiidcd 
between two of these 1 c-entcimg cm ves, will be in piopoilion to the distance of that place 
flora the same curves Having now given a specimen of the piocess wo intend to follow foi 
computing a gcneial eclipse, we may piocecd to explain the lulos by which the lines lepte- 
sented in the piojection may be cxpi cased m numbeis. 

11 . To fnd the inclination of the t elaiive 01 bit of the moon to the ecliptic, and her hourlt/ 
motion in the orbit, 

Hulk I. Let A denote the moon’s houily motion fiom the sun 111 longitude, X hei 
houily motion in latitude, we sliall have the piopoition, 

A . X :: radius. tang (^nchn. of the relative 01 bit), 01 as 27' 36" 2,2' 54" 8 .; 1 • tang %. 

log 2'. 54".8 =! 2 24254 
Ai. CO, log 27 36. 2 =; G 78089 

I I I »i .I % 

Log tang (incl of the S’s relative oibit=:;)i—6° 1'.5) = 9 .02343 

This angle is that repiesented by (7 Qr in Plate XXX ' the angle ECX has been made equal 
to it, and it passes ovei to the north of that side of the ecliptic m which the signs aie incieas- 
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ing, VIZ the eastern side, when the hourly motion of the moon augments hei noitliern, or 
diinimshes hei southern latitude, and it passes undci, oi to tlie south of the eastern side of 

the ecliptic, in the contiaiy cases The houily motion of the moon in hei relative orbit is 
deduced by the following piopoition} 

as cos;jj ladius :: A hourly motion m hei relative orbit oi, as cos 6 °. 1 ' 5 ’ 1 
27 '. 86".2 5)’8 houily motion in the oibit, 

log S7'. 30."2 = 3 .21911 
Ai Co, log. cos 6 “. 1 ' 5 = 0 .DOS'!)! 

Log (j’s houily motion in the lelative oibit = 27*. iS" 4i) = 9 .22152 

Ai. Co. log (diffeiencc of the d’s and o’s paiallaxcs = 54! 17 ". 2 ) = fi 4>87l6 

Log (s’s hom.mot. in thcielative oibit whcie the ladiiis CM r: 1) = 9 .70868 = log k 

The nuinbei 0 5118, coricsponding to this last loganthm, expiesses the length of the 

line which in Plate XXX is represented by Q q, on the supposition that the ladms CM is 

the unit. 

12 Tojind the nearest distance of the moon's orbit f om the sun, and the time qf the nearest 

apin oach. 

Runj II. In the same plate, the nearest distance is lepiesented by Cf, and the time of the 
neaicst approach is that in which the moon is piojecled on the point J. 

Multiply the latitude of the moon, by the cosine, and also by the sine of the inclination of 
the lelative oibit: the fiist pioduct will be the nearest distance, and the second product re¬ 
duced into time, in the latio of the hourly motion in the 1 dative otbit, will give the time of the 
neaiest approach, counted from the moment of the tuie conjunction. 

Log ( j)’sHue latitude = 25' 57" 7 ) = 3.19248 .... 3.19248 

log cos 6“ T.5 = 9.99759 . log sin = 9.02103 

2 .21351 

Log (neaiest distanoe=25 49 1) = 3.19007 

Ar. Co. log CCA/= 54' I/.S) . 6.48716 

Log (CJ= 0 . 47 . 559 ) .... = 9.67723 

Ar. Co. log ( 5 ’s houily motion in the 1 dative oibit = /f) =6,77848 

sum = 8 .99199 

Log (1" expiossed in seconds of time) . ... 3.53630 

J. 

Log 5“ 53* .4 = 2 .52829 
Time of the tiue conjunction , , , 2" lO*" 28*. 1 

-I ~ ■ — 

Tune of theneaicst approach . , . 2*' 4™ 34',7=T. 

The tune of the nearest appioach fiom the tme conjunction, viz, 5” 53’ ,4, has been sub- 
voL n. 4 s 
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tractecl fiom that of the true conjunction, because the inclination raises the moon’s orbit to¬ 
wards the noith, at the eastern side of the ecliptic, which time ought to be added, when the in¬ 
clination IS m a contiaiy diiection. By the quantities deteimined fiom these two rules, we 
may now know the position of the lelative oibit on the plane of projection, the time at which 
the moon will be piojected into the point I., and, by means of her houily motion, the points into 
which the moon will be piojected at eveiy successive instant 

13. Tq determine whether an Eclipse mU be ’visible, and whether it xmll be either Annular 

or Total 

Rule III. To the difference of the paiallaxes of the moon and sun, add the sum of then 
semi-diamelcis, and fioin the lesultmg number subtiact the nearest distance, found by the 
preceding rule, and if the lomaindei be positive, theie will be an eclipse Subtiact again the 
moon’s diameter from this lemaindei, and if the diffeicnce is still positive, the eclipse will be 
seen either annular oi total. It will bo annuhu, if the seini diametei of the sun is greater than 


that of the moon, but it will be total, if less. Thus we have 

Diffeience of the 5 ’s and ©’s paiallaxes . . . . 54)' 17 ".^ 

Sum of the ©’3 and s’s semi-diameteis.SO 41,5 

Sum = 1 ® 24 58 .7 

Neatest distance. 25 49.1 

Remainder =59 9.6 

As this letnaindei is positive, there will be an eclipse. 

Diameter of the moon .......... 29 42 .4 

Difference 29 27 .2 

Since this difference is .again positive, the eclipse will he seen either annulai or total. 

®’s scmi-diamcter.. 15 50.3 

^’s semi-diamctei .... ....... 14 51.2 

H ■■ IT I llH 

Difference 0 59 .1 


The semi-diameter of the sun being heie greater than that of the moon, the eclipse will be 
annulai. 

The differ cncc 59".l being divided by the difference of the par allaxes of the sun and moon, 
VIZ, 54' 17 ".® gives the distance of the two straight lines A, and A fa from the straight 
line ABi expressed in paits of the radius CM 

Log . . , 59'',! = 1 .77159 

^Ar. Co. Log 54' 17".2=6.48716 

.. !■■ ■ ■ P 

Log (/. 12=0.0181) = 8.25875 
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14. To trace the Lines for the greatest Phasts (f the EcUpse qf May 15, 1836. 

V 

Rule IV Dmdo the sun’s diameter =31' 40".6 by the diffeience of the parallaxes of the 
moon and sun. 


Log . . 31' 40'.U =8.07889 
Ai. Co, Log 54 17 .3=6 .48716 

Log . (D=0.5835)=9.76605 

Divide the value of the sun’s semi-diametor =0.5835, into foui equal parts, and the value of 

/ Ii 

one of these paits will be =0.14587^* Now, the distances between the lines jg and „ g, 


g g, and g Q, as well as between jg and f g, g g and ^ g, being onc-fourlh of the sun’s dia¬ 
meter, if we aubtt act the value of /. IS, found m the preceding rule, fiom 0.145875, and if 

k a b 

to the difference we add successively tins latter number, wo shall obtain the distances of g 
6 6 ’ 9 9 ’ 6 6 ’ 

Distance of jg or fiom AB =0 .0181 

0.145875 




Distance of g g 01 g ^ from AB . =0.137775 

0 145875 


Distance of ^ g or g g fiom A B 


= 0 . 



0.145875 


Distance of g ^ g g .419535 

0 .145875 


Distance of flt from . 4 jB . . . =0.565400 


As the lines 


a b c d c d c d 
IS IS’ 99* 66* 8 S 


stand over AB, and the lines 


c d ah a b ab 
IS IS* 9 9’ 66*83* 


a h undent. 


to distinguish their situation lelatively to the line AB, we bhall considei the distances of the 
formei lines as positive, and give them the sign +, and those of the lattei lines as negative, and 
prefix to them the sign —, 

Let us take for the axis of tlie abscissse 4 .’ the stiaight line XX passing through the point 

C and parallel to AB, and for the axis of the ordinates y the perpendiculai W, the positive 

abscissae being taken toward the east, and the positive oidinates towards the noith pole, The 

distance Cl between the lines XX and AB having been found, in Rule II., equal to 0.47559, 

4 s 0 



THE SOLAR ECLIPSE OP MAY 16, 1836 


{>84 

if we add this miitibei to the distances of the lines a g g q g’ o o , fiom ABt Lik¬ 
ing these distances with then algebiaical sign befoie detei mined, we shall obtain the following 
Table of the oidinates of the stiaiglit lines for the gieatest phasis —■ 



I Ilua 


a 

-g 

u 

fl 9 

a o 

S-g 

CQ M 

a-* ^ 

35 

-Q 

f o 


Line foi the contuct of the limbs, oi a h 
Line foi the plmsis of 3 digits, 3 3 

Line foi the plmsis of 6 digits, or q 5 

Line for the plmsis of 9 digits or |! q 

C (I 

Lino foi the nniiuhu eclipse, oi ig jg 


c; I J Line for the nnnulflr tclip^c, 01 ^^2 12 


44 ^ 


cr 


tin 
cr ^ 


d 


Line foi the plmsis «>f 9 digits, oi ^ « 


wj 

fc f? 
^ n 

os 

o 


c d 


Line for the plmsis of 6 digits, 01 . 


d 


[ 


Line foi the plmsis of 3 digits, 3 q 



Oidimitcs ^ 

lo3? 


-0 0151)U 

U 96323 

i 1 

0 06(>1 

3 71393 


0 2011) 

0 00614 


0 3170 

0 54133 

# 

0 4576 

0 00039 ! 

• » 

0 d937 

0 00040 

« 4 

0 (.001 

9 73001 

4 

0 7402 

0 07400 

4 1 

0 8061 

0 06107 


The fiist five lines compichoiul the piojoctions of the places wlieio the observoib will 
sec the couesponding phases when the moon appeals moic noithwaid than the sun, aiul tho 
lattei four lines those wheie the moon will appeal moic southwaid 


35 To Jind the angle that ihe p ojectmi oj the citcle of declination passtiig through the swn, 
0 ? as it IS called the fit it mei idtan, males 'with the am XX of the absema; on its eastern sule^ s'l/. 
the angle tepn sailed htj ECM in Plate XXX, and which we mil hercaftei call v, 

Hull V. Take the angle ECX that the axis. XX makes with tho piojcction of the ecliptic, 
as il has been computed by Rule L This angle, aubtiactod fiom the angle ECM, made by 
the fiist ineiidian with the ecliptic and given in the elements, oi added to it, accoidingly as 
CX is to the 1101 th 01 south of the oast side of the ecliptic, will give the angle v. 

Angle of the fiist meiulian with the ecliptic = 7^*’ ^5' 1 

Angle XCX by Rule I = G 1'.5 to the iioith 

■ I ■ ■ . . 

u =: C9 53'.6 

Aftei having computed all the quantities undet the pieceding five niles, the fiist opeiation that 
we have to uncleitake is, to deteimme the places in which the greatest phasis will be obseived 
at the horizon, and to tiace the line of these places on a map. These places will be piojccled 
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on fl, 


a a a c a c 

8 6 9 12 12 9 ’ 


&c, tunl on bi 


h b h d b cl 

3 b 9 12 12 9 


&c, of the ciicutnfereuce of the 



jection of the eaith, at the moments that the centieof the moon shall be in the perpendiculars 
iliawn fiom those points on the piojoction A B ol the oibit The horaiy angles, A, of the sun, and 
the latitudes, of such places aic given by the following foimulm, 


cot h — 


— sin b cot (u—y), sin (p =: cos 5 cos (o —y) , cos <p = ^in (a—y) 

sin H 


whcic^ denotes the declination of the bun, and y the angle, the sine of winch la icpresented by 
the nuinbeis, winch, in Table I. gue the values of oi of the oidinates coiiesponding to the 
diffeient phases Ihe declination h must bo consideied as negative when it as southern, and 
among the two angles/t and 180-i-A given by the fust founula, we must, accoiding to the 
thud equation, choose that, the bine ol which has the same sign, as the sine of the angle u —y- 
As we may lake foi the angles, y coiiesponding to the bines cowpi eased by the numbeis in Table 
I, eithei the angles themselves, oi iheii supplements, wc shall have, accoading to the two biip' 
positions, and by computation lioin the fust two of the preceding founultE, the following 
Table. 

TABLE II. 


Plmsift 


SUN RISING 


Contact 
3 digits 
G digits 
0 digits 
Annulfti 
Ccntiftl 
Aiimilai 
t) digits 
G digits 
3 digits 




3 digits 
G digits 
0 digits 
Anniilni 
Central 
Annular 
9 digits 
6 digits 
3 digits 
Contact 


105 

17G 

IGO 

150 
152 

151 
150 
112 
wn 

1X0 

00 


50 

03 

43 

37 

20 

23 

27 

20 

11 

3 

5 


90 
47 0 
20 3 
38 0 
40 4 
30 1 
25 0 
53 1 
2iM 
23.7 
00 


63 0 
313 
313 
09 
36 0 
23 0 
13 0 
21 4 
392 
13 0 
00 


U5 

100 

00 

89 

82 

01 

30 

72 

0 ! 

40 

20 


0 

0 

21 

32 

40 

41 

42 
41) 
50 
GO 
75 


J60 
63 0 
27 2 
45 0 
o2 3 
42 5 
31 A 
5t) 5 
3j 1 
35 1 
(» 4 


00 
22 3 
22‘3 
40 7 
18 0 
20 7 
40 0 
32 2 
11 t 
40 0 
20 


9 07373 

9 48235 
0 17207 
7 03932 
0 OOOOD 
9 103 .j7 
i) 2225a 
9 48>a3 
9 73323 
9 07600 
0 '13012 

fiUN 

CO 

0 9a207 
0 40710 
0 X9117 
0 07112 
0 05327 
0 03>11 
0 93001 
0 70173 
9 03163 
0 42071 


0 135130 278 

0 99118 275 
8 00390 272 

7 15105 200 
0 00813 207 
3 07510 207 

8 73130 200 
8 89730 201 
0 21500 260 
8 18770 252 

8 01825 228 

SETTING 
oo 100 
0 40390 101 

6 01020 120 
5 70300 ilG 
5 58326 no 
2 50510 110 

9 64721 100 
0 44277 105 

9 303"jO 101 
0 11(540 07 

U 03057 04 


43 0 
38 1 

46 0 
65 I 
417 

47 8 
63 7 
104 

17 

616 

213 


00 
2 I 
42.4 
40 7 
.770 
10 3 
23 8 
20 0 
22 6 
50 6 
67 7 


0 (UOIO 
0 4C320 
0 10733 
7 03D02 
0 00321 
0 16000 
0 210a8 
0 10(,U 
0 0 7717 
0 83713 
9 07200 


0 ooooo 

0 00731 
B OODOO 
0 024(18 
0 00227 
0 07410 
0 00(517 
0 01222 
0 72L28 
0 6070I 
0 41177 


9 00507 
0 43807 
0 14310 
7 01860 
0 00001 
0 18177 
9 10286 
0 441 (I I 
0 06324 
0 01200 
0 01040 


0 07677 
0 07308 
0 01483 
0 00046 
9,8680<1 
0 Qa020 
0 84224 
9 70799 
0 00705 
0 67330 
t) 38764 


■23 
• 15 

■ 7 
0 

0 

7 

0 

10 

28 

40 

02 


71 

70 

01 

62 

48 

46 

41 

37 

20 

21 

12 


470 
60 0 
60 0 
112 

43 0 
60 3 
876 

80 

44 7 
324 
881 


22 
2 0 
43 8 

462 

91 
81 
30 
617 
61 3 
60.4 
78 


606 
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The last coUiinn of this table gives the latitudes of seveial points of the line which passe 
through the places m which the gieatest phasis is seen at the honzon In ordei to obtain tin 
longitudes of the same points, we may obseive, that the times counted fiom that of the neaies 
appioach in which these phases will he seen, ate expicssed by the cosines of the angles y, i 
duced into paits of an horn by the iclative Iioiiily motion of the moon m her orbit, Thes 
times will then be as noted in the fouith column of the following table. 

TABLE III. 


Phetsb 

log 

lug COS y 

9 OG9t7 

loge j 

t 

a** 150 

sun 1 ising 

T-\-t 

sun setting 

T—t 

in spnee 

T + f 

in space 




ii 

tn 

h 

m 






1 

Oontnet . ,, 

0 fll)024 

2 00771 

1 

60 87 

0 

7 71 

4 

146 

0 

1 

66 6 

0 

60 

217 

3 digits * . 

0 01)033 

2 00870 

1 

6710 

> 0 

742 

4 

171 

1 

618 

60 

261 

0 digits 

0 00000 

2 0004J 

1 

64 03 

1 

0 

0 05 

3 

60 61 

2 

24 7 

69 

62 6 

0 digits* « 

0 07200 

2 04147 

1 

60 02 

0 

L4 60 

3 

64 60 

3 

38 4 

60 

39 0 

AnnulaT • 

0 01000 

2*01047 

1 

44 84 

0 

20 21 

3 

48 02 

6 

30 

67 

13 0 

Conti al ,♦ 

0 04433 

2 01370 

1 

43 23 

0 

2126 

3 

47 81 

6 

10 7 

66 

671 

Annular *♦ 

0 03')34 

2 00881 

1 

4205 

0 

22 63 

3 

46 63 

' 6 

37 9 

66 

391 

D digits 1 . 

0 OOlbO 

1 <)711« J 

1 

33 60 

0 

31 00 

3 

3810 

7 

46 0 

64 

32 4 

0 digits M 

0 (121011 

1 U006G 

1 

17 72 

0 

4C 00 

3 

22 30 

11 

42 9 

60 

34 5 

3 digits 

0 b4021 

1 7J80U 

0 

62 32 

! 1 

12 20 

2 

60 00 

! 18 

30 

44 

13 6 

7 - 1)0“ , , 

™ 00 

^ 00 

0 

0 0 

2 

4 68 


% 

31 

07 



jt-y=0 

0 63027 

L 00574 

0 

40 34 

t ¥ 

t « 

2 

44 02 



41 

13 8 


The fifth and sixth columns of the pieccding table contain the time t, subtracted fiom and 
added to that of the ncaicsL appioach, and the seventh and eighth columns the same quantities 
1 educed into space, and, theiofoie, these last quantities will lepiesent the hoiary angles of the 
sun at Gicenwich, at the moments in which the phasis, noted in the fiist column, will be seen 
at the honzon in the corresjionding places. If wo subtiact these hoiaiy angles from those 
noted in column 0 of Table II., wo shall obtain the longitudes of the same places, counted 
eastwaids fiom Giecnwich. Collecting into one table the longitudes thus obtained, and the 
times and latitudes aheady found, we shall have the following data for tiacing the line of the 
places, where the observeis will see the gieatest phasis at the honzon, 

TABLE IV. 

LONaiTUDES AND LATITUDES OP THE PLACES OF THE LINE OP TUB GREATEST 

PHASIS AT THE HORIZON 

SUN BISING. SUN SrTTING. 


Plmsifl , 

1 

Time ut 

1 ongitndc 

LnUtiub 


Plmsl* 

Tmio It 

Longitiulo 

Latitude 


Gicciiwicli 

of tlio place 

of tlio {)! ICO 


Gicenwtch 

of tiic place 

of the plHC^ 


Contact » 

ii 

0 

77 

270 

47 4 

0 

47 0 

Boil til 

y liii III ^3 

h 

2 

m 

44 9 

130 

402 

o 

7L 

22 

Nortli 

3 digits *** 

0 

7 4 

273 

46 8 

-15 

60 0 ' 


3 digits 

, 2 

50 9 

110 

48 0 

70 

20 


(J digits 

0 

9 0 

270 

2L2 

- 7 

60 0 

■ 

0 digits 

3 

22 3 

79 

79 

Cl 

43 0 


9 digits 

0 

110 

200 

107 

0 

14 2 

North 

0 digits 

3 

88 2 

62 

14 3 

52 

40 2 


Aiumlai 

0 

20 2 

202 

331 

6 

43 9 


Annular 

3 

46 0 

64 

13 6 

40 

91 


Contial* * 

0 

212 

201 

63 3 

7 

60 3 


Central 

3 

47 0 

63 

18 2 

46 

01 


A nnulur 

0 

22 6 

201 

15 8 

8 

67 6 


Annular 

3 

40 9 

62 

11 6 

44 

36 


9 digits It* 

0 

31 0 

260 

314 

10 

36 


9 digits . 

3 

64 0 

40 

60 0 

37 

617 


6 digits • « 

0 

40 0 

2L8 

18 8 

26 

447 


6 digits 

3 

59 6 

41 

20 0 

29 

613 


3 digits 

1 

12 3 

2*)4 

60 0 

40 

32 4 


3 digits 

4 

17 

37 

324 

21 

69 4 


7 = 00^ * 

ss 

40 

107 

16 0 

02 

301 


Contact 

4 

14 

31 

30 0 

14 

76 
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The longitudes and latitudes above computed being tiaced upon a tenestiial globe, we 
^hall see that the line of the gieatest phasis at the hoiizon begins in the Pacific Ocean, not far 
fiom the coasts of Peru, and that, passing along this sea, it uses into the noithein hemispheie, 
wheie it passes thiough the Gulf of California} then touches the banks of New Albion m 
Noith Aineiica, and, ciossing the Pacific Sea neai the Beheimg's Stiaits, goes thioughout the 
Russian Empiie to the Aictic Sea. Fiom thence it descends again towaids the south into 
Sibeiia, to the Caspian Sea, ciosses Atneiica, the Red Sea, &c. and ends at the boundaries be¬ 
tween Sennaai and Abyssinia. The line that passes tin ough all the above-mentioned places, 
being steieogiapliically piojocted, gives that dotted line of the gieatest phasis at thehoiizon, 
which we have tiaced on the map, lepicscntcd by fig 3, of Plate XXXI. 

16. Pioiii the line of the gieatest phasis at the hoiizon wc now pioceed to the lines of the 
gieatest phasis in geneial. In deicunining these, the oidiiiato i' and the abscissa of any point 
whatevei of the semi ellipses, that lepiesent the projection of the paiallels of latitude of the 
eaith aie given by the following fo»mulffi,in wluch the ladius C M is taken for unity, 

ft .=008 <f>{ sin w. sin /t—sin cos u. cos /i} -fsin cos i, cos w 
rsscos (p{—cos V. sin A-sin sin u. cos A} -t-sin cos sin v 


Where the angles P, h, 3, <p, have the same signification as before, 
If we put 


(1) cos sin y=:co3 i* 

(2) sin 3. tan u = — cot u 


and also 


(1) ' cos 5. cos V 

(2) ' sin h, cot V 


cos t' 

—cot«' 


(3) tang w=tan r. cos (A + m) 
we shall have 


cos v 
~cos tt» 


sin (<p + w) 


(3)' tan iifslau r', cos (A— mO 



cos 7^ 
cos w/ 


sin + 


% 


Now by appioximation we may take the moment in which the centres of the sun and moon are 
seen in the same peipendiculai to the lelative oibit, foi that of Uie gieatest phasis. Then, as 
V and j«, may also be consideied as the cooidinates of the point in which the centre of the sun is 
projected by an obsetvei coirespondxng to the same cooidinates, if we repieseut by t tlie time in 
minutes, fiom the moment of the ncaiest approach to Uiat of the gieatest phasis belonging to 
any of the lines of Table I, we shall have, at the lattei moment, 

le t 

W 



* Those who ore aeguamtod witli the fomiulfo ot ephcncal trigonometry wUl soe that the auxiliary quantities r and t 
represent the arcs which on the sphere unite the zenith of the observer with the poles or points, where the axis T or X of 
the coordinates intersect the sphere, and that « and u' arc the angles that the satd arcs make wth the first meridian 


JtfPC. 
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(4) sin (ip-I-Ml) r 


cos«( 

I — • — 

cos t 



The fiist of these equations will give, foi eveiy assumed value of /i, the latitude of the place 
foi which the greatestphasis couesponds to the value of taken fiom Table I, and the 
second equation will then give in minutes the time to be added to that of the ncaicsl 
approach j and when their sum has been conveited into space, and siibti acted fiom the hoi ary 
angle /i, it will deteimiiie the east longitude of the place, as counted fiom Gieenwich 

The computation of foimulm ( 1 ), ( 1 )', (S), ( 2 )', (3), (3)', may be pcifoimed in the fob 
lowing manner, 


8=18" 57'.8 

J3 6 

log cos 5=9 *97^77 
log sin i>=9 *97^69 

. . . . 9.97377 

log cos *1=9 .33997 


logco8v=9‘9d'84'6 

r= 27 ° 21'9 

log cos »'=9.31201 

s'= 71 ” I'.C 


log sin ^=9 >51183 
logtant(=Oi 86 'l <2 

9,51188 
log cot »=9.30338 


log cot M =9 >94825 

Msl3r85'.7 

log cottt=9. 07.511 
l/rOCl?',! 


Having thus prepared the constant angles r, r, M and w'we aie enabled to construct the two 
following auxiliary Tables, the contents of which are fully explained by the picccding forinuliB. 
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TABLE V. 


Hoituy 

anglo 

it 

/i + tt 

lo^ tau r r: 

■ -■ i—. -I. ■ 

log cos {h -j' «) 

9 71690 

log tan 0 

X\ Co log cos 

log COS 

loK?£i* 

COS r 

MO" 


36' 7 

0 82208 

0 6.1600 

iao 

5ro * 

Q 97677 

0,02731 

lOS 

320 

85 7 

0 02168 ' 

D 03550 

23 

22.0 

0 00281 

0 .01437 

210 

S'!! 

86 7 

0 07720 

0 ODlia 

2fi 

9.4 

9 96308 

0 004G2 

226 

860 

36 7 

0 00923 

9 71321 

27 

10 4 

0 01802 

0 OOOIC 

1 240 

11 

35 7 

0 0<)108 

0 70503 

20 

53,2 

9 06032 

0 00180 

t 255 

, 20 

35 7 

t) 06143 

0 00641 

24 

60 1 

0.06736 1 

0 000‘J9 

270 ■ 

41 

36 7, 

0.07382 

0 68780 

21 

0,0 

9 039Q0 

0 02122 

205 

50 

36 7 

0 74000 

0 46478 

16 

64.1 

9 08306 

0 03150 

800 

71 

35 7 

0 40032 

0 2]330 

9 

10 D 

9 00420 

0 01682 

ai5 

00 

36 7 

8,77374 

8 48772 

1 

42 0 

9 90981 

0 05135 

830 

101 

38 7 

0.30313 

0 01710 

™ 6 

60 8 

0 00700 

0 04020 

3-16 

110 

36 7 

0.05007 

0 3cm)6 

-13 

2.7 

0 008(M 

0 04018 

0 

ipl 

35.7 

9 3^203 

0 63000 

-IB 

67 a 

0 07677 

0.02731 

15 

wo 

36 7 

0,02158 

D 03550 


22,0 

0 90283 

0 01437 

30 1 

101 

35*7 

Q .07720 

OiOOliB 

-2(1 

0 4 

0 96308 

0 00402 

45 

170 

38 7 

0.00023 

9 71321 

-27 

10 4 

0 91802 

0 ,00010 

00 

101 

86 7 

0 00105 

9 70803 


53 2 

0 96032 

0 OOIBO 

76 

200 

38 7 

0.05143 

J) 00641 

-21 

60 1 

9 967B5 

0 00030 

00 

221 

36,7 

0 87302 

9 68780 

—21 

0 0 

9 00008 

0 02122 

105 

280 

86 7 

0 71030 

5.46470 

-15 

64 1 

9 0880o 

0 03160 

120 

251 

38 7 

0 49932 

9 21330 

- 0 

10 0 

0 09420 

0 04582 

186 

200 

i 

36 7 

3 77374 

8 48772 

- 1 

42 0 

0 00081 

0 05136 

150 

201 

36 7 

0 J0310 

0 01710 

6 

60 3 

9.90700 

0 04920 

105 

200 

35 7 

D 06097 

9 mm 

13 

2 7 

0 98804 

0.04010 1 
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iluiaiy 

/( 

w' = 96“ dr' 1 

log tan t' rr 

lOg cos {h — tt') 

0 46369 

1 

log tan a/ 

cJ 

log ^5- COS r: 

K 

Al Co log ; 

cos Al' 

t mb! 

h cos a 

180'> 

as" 12 '9 

9 07211 

0 63010 

10“ 67'0 

0 02124 

l 00676 1 

1D6 

08 12 9 

9 16190 

9 01060 

—22 34 1 

0 03100 

i GlOll I 

210 

113 12 0 

9 69670 

b 08039 

—48 64 3 

0 18228 

1 70374 I 

226 

128 12 9 

9 79142 

0 25611 

—00 60 2 

0 31360 

1 00607 1 

240 

143 12 0 

iT 00367 

0 30720 

-GO 40 0 

0 40399 

1 98&&0 1 

266 

168 12 0 

0 90782 

b 43161 

—09 41 0 

0 46911 

2 04002 1 

270 

173 12 0 

9 00696 

b 46004 

-70 64.2 

0 48628 

2 00074 1 

28.5 

166 12 9 

0 99652 

b 45921 

—70 60 7 

0 48396 

2 00610 1 

1 300 

203 12 0 

9 90333 

b 42702 

—09 29 3 

0 45646 

2 03000 1 

316 

218 12 9 

0,00825 

0 35694 

-00 22 0 

0 30008 

1 97840 1 

830 

233 12 0 

9 77729 ; 

0 21098 

—00 80 3 

0 30287 

1 86436 I 

846 

248 12 0 

9 60962 

b 03321 

-47 10 3 

0 10770 

1 74927 1 

0 

283 12 0 

0 07241 

9 63010 

-18 67 9 

: 0 02121 

1 00675 1 

15 

278 12 0 

9 16499 

9 01808 

22 3t 1 

0 03400 

1 .01011 1 

30 

203 12 0 

: 9 5«)570 

0 06030 

40 64 3 

0 16223 

1 70374 I 

45 

306 12 9 

■ 9 70142 ; 

0 26511 

00 50 2 

0 31350 

1 89607 1 

60 

323 12 9 

9 00357 

0 30720 

60 40 0 

0 40399 

L 96u50 1 

76 

836 12 9 

9 90782 

0 43151 

09 41 0 

0 46941 

2 04092 1 

00 

3d3 12 0 

0 09095 

0 40004 

70 64 2 

0 40628 

2 00074 

106 

B 12 9 

0 09662 

0 45021 

70 60.7 

0 16395 

2 00640 

120 

23 12 9 

9 00333 

: 0 42702 

09 20 3 

0 45545 

2 03090 I 

185 

33 12 9 

9 89626 

0 36894 

1 GO 22 0 

' 0 39008 

1 070<19 I 

160 

63 12 9 

9 77729 

0 24008 

60 8 8 

1 0 30287 

1 88438 1 

106 

88 12 9 

9 &09&2 

0 03321 

47 10 3 

0 10770 

1 74027 I 


By means of the quantities in those two auxihaiy tables, (aftei twelve leims arc repro¬ 
duced, with the exception that some of them have a diffeicnt sign,) the computation is iccluccd 
to only twelve tei ms. By the means of the angles w and w' and of the quantities in coliiinn seven 
of botli tables we may easily compute the values of p and t given by equations (4') and (6), and 
theiefoie determine the places situated in the linos of the gicatest phasis. 

17 Let us, foi instance, begin by detoi mining the latitudes and longitudes of the places 
111 which an obseivei will see only a contact of the limbs foi the greatest phasis By Tabic II 
we sec that the hoiaiy angles of the two places, wheie only a contact of the limbs is scon at the 
horizon, arc 278 ° 43' 0 and 94° 57'.7 > and by Table IV wo may easily mfci that the line of a 
simple contact of the limbs foi the giealesl phasis will begin at the fonnci and end at the 
latter place. Foi this leason we took fiom Table V only the quantities in the last column from 
A=285° to /t=90°, and by adding to them the log taken fiom Table I, and coiicsponding to 
the contact of the limbs, we foimed the second column in the following table, and by it the othei 
columns accoidmg to foimulm (4) and (5). 
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TABLE VII. 


Hoi at y 
aiiglo 
h 

log< 

]0£( sill 

:=0 3)390' 

^*|-w 

01 

liitiluile 




log sill 

log! 

2R t*” 

t 

58 


! 

in 

space 

Longltttdc.| 

905 

0 90787 

-6^ 

31^8 

— 21“ 

28^9 


19^ 

6 

^ 90961 

5 06610 

— 111 

17 


O’” 41 

- 

2® 

6 1 


1 

soo 

5 99910 

1-5 

43 6 

-15 

0 5 

— 8t 

29 

8 

9 99799 

a 03195 

— 1 

m 

30 

0 

16 

20 

4 

3 0 

995 

57 0 1 

315 

1^ 00103 

-.-,5 

18 1 

— 7 

bO 7 

— 70 

62 

7 

9 98258 

1 %i0? 

— 1 

31 

43 

0 


15 

0 

17 9 

30G 

42 0 1 

330 

9 0024J 


it) 3 

0 

10 0 

— 60 

18 

3 

9 03886 

1 

— 1 

G 

66 • 

0 

60 

02 

14 

30 3 

315 

29 7 1 

345 

8 99346 

— 3 

39 9 

7 

23 5 

— 39 

10 

1 

8 

9 00607 

lt5*)631 ' 

— 0 

3d 

n 

L 

28 

66 

m 

9 9 

322 

60 1 1 

0 

8 98059 

— 6 

29 3 

13 

28 5 

5 

29 

1 

tt s98078 

T) 58663 

— 0 

3 

06 

Is 

0 

72 

30 

10 8 

3^9 


15 

8 9670') 


19 6 

18 

2 1 

10 


6 

9 fll 150 

1 ^*Z9b\ 

0 

26 

89 

2 

31 

47 

37 

52 0 

337 

8 0 1 

^0 

ti 96790 


12 1 

20 

57 0 

1 1)9 

51 

1 

9 972^8 

1 7J633 

0 

34 

19 

2 

59 

or 

41 

15 8 

316 

14.2 1 

15 

U 95314 

— 6 

9 2 

n 

10 2 

83 

6 

1 

9 9968d 

1 «9l92 

1 

17 

97 

8 

22 

56 

50 

38 2 

354 

21 8 1 

60 

8 


10 3 

21 

n 7 

88 

28 

9 

9 99906 

1 08535 

1 

36 

fiO 

3 

U 

26 

56 

18 9 

4 

n 11 

75 

8 9GU67 


16 9 

19 

34 2 

09 

15 

a 

9 99996 

2 01080 

1 

49 

07 

3 

61 

15 

58 

36 7 

16 

23 3 1 

, 90 

8 97460 

^6 

24 7 

15 

11 9 

86 

3i) 

1 

9 £I9fl25 

j 2 05600 

1 

66 

41 

' i 

0 

99 

CO 

11 8 

99 

15 2 1 


The fouilh column of tins table is made by subtiactmg the angle taken fiom Table V, 
fiom the angles of the thud column coiiespoiiding to the same aigiiment h. The fifth column 
IS got by adding the angles taken fiom Table VI, to the angles of the fourth column coire* 
spending to the same aigument h, and the seventh column is obtained by adding the loga- 
iilhms, taken fiom the last column m Tabic VI, to the loganthms in tlic sixth column under 
the same aigument h In oidci to make these additions easy, it will be found convenient to 
copy the fifth and seventh columns, of Tables V and VI, upon lists of papci to be put undei 
the columns of Table VII, fiom which conesponding numbeis must be added. The flisl 
column of the above table gives the hoiary angles of the sun counted wostwaids, at the moment 
that a contact of the limbs is seen at the conesponding places , and the tenth column gives the 
hoiaiy angles of the sun at Gieonwich foi the aaino moments, llio diffotpiices of the horaiy 
angles of the two said columns, contained in the eleventh column, repicsciil then the longitudes 
of the places fiom Greenwich counted oastwaids, and the fouith column gives the latitudes of 
the same places. The values of h in the fust column, being conveitod into tunc, will show the 
horns and paits counted at the places when a contact of the limbs is seen, and the ninth column 
gives the horns and paits conesponding lo the same moments, as reckoned at Gioenwich * 

18 A sunilai computation to that we have detailed, foi finding the line of a simple con- 


* The places given by the method wo have just explainod ore found on iho supposition, that the grontest phssis is oh 
scived when the ociitre of the moon and tho place of tho ohsoivci, oi, what is the same, tho centre of tho sim, aie projected 

on tho bame p'cipcndicukr to the relative orbit, whioli, as ivo have said before, is but an approximation Du Sejour, who 

has Iroiitcd the theory of eclipses with glut skill, has lepioachcd astioiioiners foi this inaecmaoy TJio reproaok was not 
perhaps quite just, hDuuse astionoracrs in those tomputations piofoss to nequiro only an approximato knowlodge of tlic oir- 
cumstancca of the ctlipso, and it would be a waste of time to keep n miimtc account of all the small quantities However 
as It may Iks sometimes useful, to undcitnko a moi e acetiralo lomputation for those plates, where the eclipse will bo visible 
uiidci paitionlnr cncnmstanccs, wc subjoin in this note a metbod of coirettion. 

Let M and if deimto the values of u and iS, which in Tables V and VI correspond to tho horary angle next to that 

which has given the place, of whieh we wont to correct tho elements compute » p, and p by the formnl® 


V 

t 


COS r 
COS tf 


sin (if+!(>), 



COS r 
■ ■■ 

COB ut 


Bin 


__ it 

f in wlucK 


4 1 ^ 
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tact for each pbasis, by employing successively the couesponding values of given m Table I, 
and the limits of h deduced fiom Table II, will pioduce the nine following tables of the times, 




ja wlncli ^ and i are tlio same quantities that have hecn denoted by these letters in the fust approximation, 
Then put 

tang s r:_ 

and we shall have with an inconsideiable errox the new\alues and t by the equations 


/* 1 A ^ 

Bin Op - 

f cos r 

i cos s 

1 ~ f -|- —— fsm r 

/ fir 


Let us, for instance, find the coircctcd latitude aiul longitude of the place where only a cojitact of tlio limbs will be soon 
for the greatest plmsis, at the moment that the homiy angle of the sun is 205®, vi/ ilic coi ructions of the longitude and 
latitude of the first place m Table VII This table gives 

(p =- 21® 28' 9 
Tab V, arg 300®.. 0 16 9 

9=:-21® 28'0 

Tab VI, arg 300® ,5=:- 69 29 3 


<P-1-^:::::^12 12 0 


4>H?1=~90 68 2 


log sm (M w) z:*-'9 32495 
Tab V, arg 300® log—^=: 9 96418 

COS w 

Tab VI, 

log Bin (f |-«1) 9 90904 

log ™ 5211 - 2 03G90 log 1 

h cos if 

=; 2 06510 

log If 9 27913 


log^„= 7 03063 

-7.03063 



log /!4 =; 9 06743 log » 

/ 

z:0 99503 

► =:- 0 1902 


0 9277 

^=-.0 9900 


^=-0 0890 



>-f 0 1004 

/ ^ 


ft—=: 0 >0623 


log (j-0 = D 00173 


As 0 6113 


Ar CO log = 0 34776 


A-(tt-ft) = 0 4400 


log tang 9 34948 


«=-12® 36 2 


log cos 5 r: 9 98941 


log Bin ^ 0 3388 


Tab VII log ~ = 8 08787 

COS (if 


log f = 8 0633 


log8m(H«)=: 8 97728 


60'" 

log ~ = 2.0096 

A 



1 >' 
log —* f sm t 

fC 


= 0 3616 


Tab V, arg 206®. 


/ 

i(f 


6® 26' 7 
16 64 I 


number =; 


2“'30 


'M, VII, 


i £=— 1** 66 17 


^ -21 20 0 


1=5-1 60 47 


The corrected southern latitude will then be 21® 20' 0, and the time i subtracted from that of the nearest appioacli, gives 

QU gnt n ^ this tunc converted into space^ and subtracted from the horary angle 205®| gives the corrected longitude of 
the place r: 283® 28' 4 cost from Greenwich 
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longitudes, and latitudes of tlic places belonging to the lines of the gicatest phasis, to which we 
have added also the lino of a simple contact alieady found. 
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The computation of the places on the line of the phasis 
of tlnec digits, when the obscuialion is on the southcin side 
of the sun, picsents some pecuhaulies, which aie woithy of 

f c d 

notice. The stiaight line ^ g, which m Plate XXX corre¬ 
sponds to that phasis, stands ftiiUici fiom than the pro 
jection P of the pole of tlie ea'ith, and in tins case it happens, 
that some hoiaiy ciicles cut the said line twice on the same 
side, bofoie leaching the pole, whilst others do not cut it at 
all These ciicuinstances aie also indicated by foimiila (4). 
If, aftei having computed the longitudes and latitudes coiie- 
sponding to the hoiaiy angles 18\ 19'', and SO'', we go on to 
the hoiaiy angle SP it will come out log sin ((p + <())“0 003SS, 
which logaiithm, coriespondmg to a numbei gieatei than the iiml, oi ladius, shows an ab¬ 
surdity, and theiefoic that no angle (f+ «) conespoiids to the assumed hoiaiy angle, the 
same will happen foi some of the successive hoiaiy angles. But in this case, the value of sin 
coiiespondiDg to the hoiaiy ciiclc SO'', gives both the angle and its supplement such, 
that, subtracting fiom it the angle a, the diffeience is foi both angles less than 90*« We 
should then fiom this hoiaiy cncle begin a new senes, going back with the values of the 
hoiaiy angles as fai as tlie limit given by Table 11, and taking the supplements of the angles 
belonging to sm (ip+w) compute by the same foi mnlse the longitudes and latitudes of tlie coi- 
responding places. In this way have been computed the last five places on the line of the 
phasis of 3 digits, and this example shows how we must piocced in similai cases. We have in 
tins instance assumed inleivals of two houis, since the places coiiesponding to thorn aic suffi¬ 
ciently neai, to enable us to tiace their lino with the same degico of accuiacy with which the 
other lines may be desciibcd. 

All the places coiiesponding to the longitudes and latitudes given in the nine picceJmg 
Ubles being steieogiaphically piojcctcd, and joined togcthci, give the lines that beai the .same 
name in the map contained in fig 3 of Puatk XXXI. 

19- To complete the computation of the elements foi the diavvmg ofa geneial eclipse, it 
remains to find the places wlieie the obscivcis shall see a contact, a phasis ol 3 digits, of 0 
digits, &c on the east side of the sun, wiien he is using, oi on the west sulo when he is setting- 
These lines will unite themselves with those of the gieatest phasis, m the points whcie they cut 
the dotted line denoting the middle of the ochpsc at the hoiizon, and will foun with them 
cuives letuining into themselves. The gi eatest phasis visible in a place compichcndcd be¬ 
tween two of these retinmng cunes will be limited by the numbei of digits coiiesponding to 
them, so that by then means we sliall be able to foi in an idea of the magnitude of the eclipse 
for any given place 'When Tables II, III, and IV, have been constiucled, the most easy way 
foi finding the longitudes and latitudes of the places on the lines of which we aie speaking, 
will be the following.—Those places will all bo piojectcd on the ciicumfoience of the cncle 
aLKMb, when the sun is at the hoiizon, viz, when the phasis zeqimcd will happen. Tlie 
co-ordinates, ^ and p, of each of them, will then be icspectively lepicsentcd by the cosines and 
sines of the angles compiehended between the axis XX and the stiaight line that goes from 
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the centie C to the point of pi ejection of the place. Thus, if we take for ^ and v the cosines 
and sines of the angles % employed in the constiiiction of Table IL, the horaiy angles of the 
sun and the Utitudes of the places will be the same as those noted m that Table, and we shall 
only want to compute the times, leckoned at Gieenwicli, in which the coiicsponding phases 
will be seen, in oidci to obtain the longitudes of the same places. Now the tune as counted 
atGiecnwich, at which the phasis / is seen m the place, conesponding to the co-ordmates 
and V, IS given in gcneial by the foimula 

(6) h V ± s/(^+A)“} 

the uppei sign taking place when the phasis happens on the east side of the sun, and the undei 
one when on the west side. In oiu case wo must adopt the uppci sign for the places in which 
the sun is using, and the undci sign foi those in which he is setting. Accoiding to the pre¬ 
ceding supposition, the places of which wc aie going to determine the longitudes, arc those pro¬ 
jected on the points g, g, &c, so that the values of coirespomhng to them will 

be given by the distances of the lines g q, ^ ? g, &c. fiom ^ J3, we shall then have (See 

No. 1% Rule IV.) 

foi g . . . V —Arr —0 .idOiS • - • log (i/--*A)“9 •62S73 


gandg . . . =-0.^786 . . . :=9.4-3712 

gund^ . , . =:-0.1278 . . . =0.10053 

0 and o' . . ♦ c: 0.0000 ... r= ^ oo 

Jand^ . . =: 0.1278 . . • =9.10053 

Jand^ ... = 0.2730 . . . =9.43712 

^andf ... = 0.4195 . . . =9.62273 

a o 

jfc . . , = 0.4-035 . . . =9.66605 

jjf ... = 0.524-4 . . . = 9.71966 

As for the values of 2) + d-/wc have evidently 

For a simple contact , . . 2) + <^~;/= 2)+ (/=0.5654 ai'. co. log=0.24764 

For the phasis of 3 digits . . D + d ^ 2) + d!=0.4195 — 0.37727 

For the phasis of 6 digits . . D + d—f^ <2=0.2736 =0.56288 

Foi the phasis of 9 digits . . D + d 2) + <2=0.1278 = 0.8934// 

Foi the annuUi eclipse . . D + d—/= i)—<2=0.0181 log=8.25875 


In order to perform the computation of the preceding formula in an easier manner, let us 


put 
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^=“’' 

and that foinuila will become 

GO"' 

^=:T+—--.(cosy± (Z) + d—/). cos/3) 

The fust two Lei ms of this equation give the nmnbcis which stand in the fifth and sixth columns 
of Table III, and since the lioiaiy angles of the sun at the lespectivc places aic the same as 
those given in Tabic If, we shall obtain the times in winch the phasis will be seen, and the 
longitudes of the places of obseivation, by only adding to, oi subli acting fiom the times and 
longitudes given in Table IV, the hist teim of the foimei equation, computed either iii time or 
in space, which coii’esponds to the difibient phases. Now by an easy compulation we may 
compose the following 


AUXILIARY TABLE 
CO'“ 

Containing the values of . (D -| c/-/). cos p in time and space coiicsponding to scveial 

points of the ciicninfciencc aKMI>, and to the diffeicnt phases. 
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Ill computing the nuitibcis in this tabic, the angles weic fiisl found by foimula (7), and then 

go**' / 

the values of \D + d—J). cos p wcie deduced. These values icsult the same foi all the 

If 

points that aie maiked by Ictleis having the same index uncleuieath. Accoiding to what we 
have bcfoie said, we have only to add to, oi to subtiact fiom, the numbeis m columns 2 and S 

go*** 

of Tables IV, iespectively, the values of >{D + d-f). cos jS of the above Tabic, and the 

iii 


sums, 01 differences, will be the tunes in which the lospcctive phases will be seen, and the lon¬ 
gitudes of the places wlieie they will be observed. We shall then have the following 
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TABLE 

OP LONGITUDES AND LATITUDES OP PLACES ON TUB LINES OP THE PHASES AT THE 

HORIZON, AND THEIR CORRESPONDING TIMES. 
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The numbers of the columns 1 and 8, both foi the phases on the east side and on the ■west, 

are taken from Table IV, column % for the phases on the east side, is made by adding to the 
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numbeis in the fiist column the respective numbers in tune taken fiom the pieceding Table, 
and column 4i, by subtiactiug fioin the numbeis in column 3 the lospoctive numbeis in space, 
taken likewise fioin the said Table. Vice veisil, column 2 foi the phasis on the west side is 
the diffeience of the numbeis in column 1, and of the lespective numbeis in time of the pic- 
ceding Table, and column 4, the sum of the numbeis in column 3, taken with the icspectivc 
numbeis in space fiom the above Table. Columns 2 of both sides give the times m which the 
coiiesponding phases will be seen at the hoiizon, columns 4 the longitudes of the places 
wheie they will be seen, and columns 5 the latitudes of the places, these last being taken 
fiom Table IV. 

The maps commonly constiuctcd foi a geiicial eclipse instead of the lines of Ihe plmis at 
the horizon contain the two lines of a simple contact on the west side of the sun, when he is 
iismg, 01 on the east side when he is setting, which joined wilh the two lines foi a simple con¬ 
tact, given by the above Table, make a cuive loluimng into itself that has the appeaiancc of 
figuie 8. We have left out these two hues, which seem to us of vciy little use, but if any one 
would like to trace them, ho has only to change the additions made in the consti uction of the 
foimei pait of the pieceding Table into siibtiactions, and vice voisd, and he will have the ie« 
speclive times, and the longitudes of the places foi tiacing the two icqiiued lines , and the 
latitudes of the places will be still the same foi the othei lines. 

The longitudes and latitudes given in this Table, being stercogiaphically piojcctcd and 
joined togelhci, pioduce the lines which unite, m fig 3 of Plate XXXI, both on the side where 
the sun is using, and on that in which he is setting, as the coiiesponding linos of the gieatest 
phasis. 

Othei pioblems aie sometimes added to the tlieoiy of a goneial cchpso, the object ot 
which 18 , to detcimine the ciicumstanccs of it foi pailiciilai places. As these pioblems will 
nevei piescnt any difficuUy to those poisons who have nndeistood the spiiit of tlicgeneial 
method alicady laid down, we will not dwell upon them, but will limit ouiselves to ihe follow¬ 
ing pioblem. 

I 

20 . Tojind Ihe places ’ivhei e the fii si and last contact qf the limbs will he seen, and the Iwo 
times in tohich ihep imU happen, so that the inlei val between them shall give the duration of the 
eclipse foi' the whole eai th, 

As the two leciuiied places must have the sun at the hoiizon, the letters /«- and >, in foi- 
mula (6), will lepiesent the cosine and sine of an angle; and wheny=:o, that formula will give 
foi the value of t eithei a minimum oi maximum, when 


or when 


v = sm y = - 


A 


1+D \-d’ 


«. COS y 


Tft 


t =: T + ^ ,(1 + D + d). COS y 

fc 


In which formulffi tlie supplement of the angle y ought to be used for the place wheie the 
first contact IS seen, and the angle itself foi the place wheie the last contact will be observed. 
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In our case wo have 

^ = sin y = y = 162“ 18'8, or y IT 4l'.2 

therefore 

fjARi 

^'“.58 + ~ (1 +O.56540- cos 162” IS'.S =: -0” 50*.4.3 

L 

or 

Ho*** 

t = 2” i^SS l- ~ . (1 + 0. o654). cos IT 41' S = 4" 

th 

The eclipse will then begin at 11" 9“‘.6 m the inoinuig, and will end at 4" in the after¬ 
noon, both the times being counted at Gioenwich, and the duiation of the eclipse for the 
whole eaith will be 5" 50'". 

In Older to find the longitudes and latitudes of the places wheie the beginning and the 
end of the eclipse will be seen, we have only to make use of tlie foiinulae given under Eule 
V, and we shall have foi the loiraei place 

cot /i =-sin (18” 57'.8). cot (09“ 53'6-162° 18'.8), /i=:269° 12'.8 

sin <f» = 003(18” 57'8) 003 (69° 53'.6-l62” 18'.8),9 = —2“ 17',S 

and foi the laltei place 

cot h = -sin (18® 57' 8). cot (C9‘ 53' 6— I?” 41'.2), /i = l(Mj” 8'.7 

sill «p = cos (18” 57'8) cob(G9” SS'.G— 17” 4.1'2),tf>=: 35” 25'.2 

The two values of (p give the latitudes of tlic two places, the foimer of them being 
southein because negative. Foi obtaining ihcii longitudes wc must snbtiact fioin then 
lioiaiy angles ft, the icbpcctivo times /, lediicedxnto space, and we shall have 

Longitude of the foimei place = 2G9” IS'.S + IQ" 86'4 =281“ 49'2 

Longitude of the lattci place = 104” 8'.7 - 74” 54'.1 t=; 29“ 14'.6 

The formei place is situated at a alioit distance fiom Quito, and the lattei place lies m the 

Mediteiianean sea, about five dcgioes to the east of Candia. 

21, When the moments of commencement and of tciimnation of a solar eclipse are the solo 
objects of obseivation, a good telescope and a clock, 01 cinonometei, with a known euor and 
late, will be competent to give the observation, but when the cliainelci of the sun, 01 of the 
phasis, is lequiied to be mcasuied, some one of the inicromctcis that measure a large angle 
must be used m conjunction with the telescope, which foi this pmposo ought npt to have a 
magnifying power of moie than 80, lest the field of view should be too small foi the object, 
As the sun has an appaient motion duung the eclipse, as well as at other times, a double image 
micrometei, with a scale laige enough to compiehcnd lus whole diametei, will bo the most 
convenient, such as Eochon's, Biewstei's, and Loliond’s divided object glass, 01 Jones’s dioptric 
micrometer, all which have been described in then places. When the two images of the iin- 
obscured line are biought side to side with the convex cuive of one in contact with the con- 
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cave cuive of the othei, the raeasuie subtiacted fiom the sun’s whole character, will give the 
bieadth of the phasis at any moment, which may be conveited into digits and paits, by divid¬ 
ing It by one-twelfth pait of the whole diametei» When one of the double image micioineters 
IS used, the magnifying powei ntay indeed be consideiably inci eased, because if the contact of 
the two images is seen at the centie of the field of view, it is not necossaiy that the whole dia- 
metei of the sun should be included. 


§ C ON THE APPLICATION OP THIRD AND FOURTH DIFFERENCES 

1 . When gieat precision is lequiicd in obtaining the moon’s place by intcipolation, paiticu- 
larly in light ascension and declination, fiom the Nautical Almanac, Mi. Ilendoisou has com¬ 
puted Tables of thud and foulth diffeiences, to give the small quantities which second dilFcienccs 
alone will not leach in many cases, and which we will therefoie subjoin, aftei having made 
some modification in then aiiangcment. Ills lule is this. Take out of the cphcmciis the 
tillce light ascensions 01 decimations pieceding, and the thioe following the given tunc, and 
take then fiist, second, thud, and foiiith diffeionces, and apply their signs in the usual way, in 
oidei to obtain the mean of the two second diffeiences standing ncaicst the given time, and 
the mean of the fouith diftbiencos. Then to thepiopoitional pait of the middle fust diffoicnce, 
coirccted by the equation of mean second diflbience, apply the collection, found m the fiist 
Table hcie given, answciing to the middle thud difleience, and also the collection in tlic se¬ 
cond Table, answeung to the mean foiuth diffcience, and the result will bo the moon’s true 
place.” 

When the thud diffeience is positive, and the horn fiom noon 01 midnight less than 0, 
the collection must be taken positive, but negative when llic thud dilfcicnce is negative undet 
the same circumstances With lespect to tlic fouith diftcicnce, the equation has always tlio 
same sign as the mean of the two fouith diffeiences. 

8 . TABLE I. 

EQUATION OP THIRD DIFFERENCE 
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3 TABLE II. 

EQUATION OP FOURTH DIFFERENCE 
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't. JimmjAe ,—Let it be icquiied to find the moon’s declination on the 5 th of December, 
1824', at 17" did)'", or 5" dd"' past midnight, (iicenwich time, by using the thud and fourth 
diffeienccs in addition to the woik given at page GlO? 
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59 
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f f ♦ 

. 23 

52 
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5. The same method will apply to the detei mination of the coirect right ascension, and 
also of the coiiect longitude and latitude of the moon, in all which cases the fiist (hffeiences 
have the sign -h, when the quantities aie inci easing, and - when decieasingj and then as the 
uppei diffeience is always algebraically subti acted fiom the next lower, in all the denomina- 

tions, the signs of the other diffeionces will bo deuved from the process of the successive sub¬ 
tractions 
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?oa TO detbAmii^e ti^e obliquity op the ecliptic by observation 


§ 01 TO determine the obliquity op the ecliptic by observation 


!• Tub angle that the ecliptic makes with the equinoctial, commonly called the obliquity of 
the ecliptic, has fiequently been cletei mined by obsciving the zenith distances of the solstitial 
points of summer and winter, and a succession of such ubseivations, made m diffeiont years, 
has confiimed the theoiy of an annual diminution of this angle, which thciefoic affects the 
sun's declination, and the latitudes of all the heavenly bodies, as they me lefciablo to tlic 
ecliptic. The deteiinination of the obliquity lequiies an uisUuinent of the fiist oidci to be 
used, and the application of vaiioiis solai collections, which will be best undcistood fioin a few 
examples. If we call the meudian zenith distance of the sun’s ccntie taken at ihe summer 
solstice, 01 leduced to it, Z, and the zenith distance taken and ieduced m a bimilai manner, 


at the wuitci solstice, Z\ one half of the diffcience of the aics, oi 




will bo 6^, the ob¬ 


liquity icquncd, foi the middle of the included half yea: This dctcimination ha»s no lefcionce 
to ihe latitude of the place ol obscivaiion ; but if the sun be obseived only at one solstice, then 
it IS necessaiy to know the latitude with the giealesi exactness, as being an clement of compu¬ 
tation. Since the zenith distance of the equinoctial line is always equal to tlic latiludo of the 

place, -S-l—will give L, the latitude, when not pieviously known, and consequently we 

have L — 2and Z— L each = <y, accordingly as the observation is made at the suminei oi winter 
solstice. We will take, as oui fiist example, the solstitial obseivations of the sun’s uppci limb, 
at noon, on Docembei 6, 9, i.0, and 16,1824), and of bis lowei limb on iho yth of the same 
month, in latitude 52° 25' 51" N with one of Tioughton’s altitude and azimuth cuclcs, and will 
auange the obseived zonitli distances (Z') with tlieir coiicsponding collections in a labulai 
form, which will exhibit the whole piocess of the computations, in a maiinci moic inteiligible 
than a veibal desciiplion alone could icndei it. 
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ScTuid 

llLtllUcd Z' Dt 
( ClltlC 

L,i)i 

o]j*tL)VC(l 

1 

HotilU ILOM 

to bolslice ; 

1 

Deo e 


+11" 17 

0 0 

20 15 

33 

3'3(>'l 


H 10' 10' 2 

71“ 68'40' 10 

22“ 32' 56“ 10 

51 40'«I5 

7 

76 18 10 33 

411 47 

— 1 5 

20 0 

40 

3 30 6 

-**0 04 

—1(> 10 3 

76 6 37 60 

22 30 10 60' 

47 67 77 

9 


+ 17 20 

—11 30 

20 20 

12 

3 32 2 

—8 01 

+ 10 10 6 

76 18 0 20 

22 62 0 20 

36 38 20 1 

10 

75 3 15 33 

+23 63 

1 -j- 5 0 

20 50 

41 



I-IC 10 0 

75 23 28 02 

22 67 37 02 

30 7 53 

1 

75 20 41 0 


+ 40 

20 60 

|g| 

8 30 7 


+ 10 17 3 

76 10 61 40 

23 21 0 40 

0 42 50 1 

__j 


Latitude (L.) = 5%^ 51" N. 
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Day 

AppwontOl) 
liqiuty :r: J + r 

Lull 41 

1' qiiat 

» 1 - 

Solai 

L(|Udt 

Seii*s 

Lntitiide 

Hodiiction 
to J ail 0 

— 

Mean 

Obliquity 

Dec 0 

23“ 27' 43“ 01 

+0'M7 

--0"40 

+o^'oa 

—0 03 

23027 43 M2 

7 

23 27 44 33 

+ 0 Ibi 

Uo 41 

-0 07 

—0 03 

23 27 43 08 

9 

[23 27 47 49 

+0 13 

-0 42 

-0 35 

—0 02 

23 27 40 83 

10 

23 27 44 65 

+ 0 11 

-0 42 

-0 49 

—0 02 

23 27 43 73 

16 

23 27 42 00 

+0 07 

-0 48 

--^0 60 

—0 02 

23 27 41 03 
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Mean obliquity foi Jan 0, 18^5 ^3 87 *1'^ *98 

Accoi ding to Bessel , , . . 83 87 <1)3,68 ) 

Acooiding to Du Biinklcy , , 83 87 ,89 t Mean of the three 87' 43",87f 

Accouhng to Mr Pond , , S3 87 4i8,93 ^ 

Ml PoikVs Detoimination was the icsult of 1^5 summei and 15 wmici aolstitial obsemtionsj 
fiom 1818 to 1886 inclusive, foi the yeai 1880, which has heie been icduced to 1885 by the 
annual diminution — 0",43 IIis latitude was taken only at 51^^ 88^ 69"* 

3, In tins example the ohscivaiions were taken on the meudian, and in one position of the 
instiumciii, and Iheiofoie requuo no icduction to the nieiKlian 5 but it was neccssaiy to know 
the eiioi of collimation ni the existing state of the level, and also to apply the semi-diametei of 
the sun as given m the Nautical Almanac, on a supposition of its being peifectly couecU The 
Ficnch icfiactions wcie used, and the lesulung obliquity will be acknowledged to be highly 
satisfactoiy. As a second example we will take the obseivations made altei the solstice on 
the 84«ilL 8 ()th, and 89 th of the same month, which wcio talcon at various intervals bcfoie and 
aftci noon, with the insUiunentin the leveiscd positions agiceably to the plan fiist piactised 
by Du Biinklcy with the Dublin cucle, In this method, as the uppot and lowei limbs were 
obscived alieinately, the 3 educed altitudes, when a mean is taken, are those of the sun^s 
ceiihe^ whatever might be Ins seniMhamctci at the time ; and the eiiors of coUunation meige 
in the levelsed obseivations, The scpaiate 1 eductions to the mciidian wcic made foi the re*- 
spectivc houi angles, the mean of which and also of the couesponding icdnctions to the me¬ 
ridian, aic those winch wc have tabuhiicd, to spaic the maeiUon of a multiplicity of computa¬ 
tions, winch aie explained in oui fiist volume. The columns of tins example aie consequently 
a Utile dilfcient fiom those containing the coneclions of oui fust example, but are aimngecl m 
such succession as will explain thenisolvcs without fuithei comment, except that the diffeience 
between the altitude icduced to the meiidian and the co-latiUidc of the place, is here taken 
foi the observed obliquity, instead of the dilTeicnce between the ssenitli distance on the meri'' 
dun and the latitude, which is always the same quantity. 


Emmple 8. 


Day 

Obspived 
AltUmlc 0 

Mean 
ot lliu 
Iloill 
AngltB 

Mann 
Kcdnc 
lo Mold 

_ 

r Qvel 

Jlui 

Tliu, 

a Lfrno 

1 

Parol 

RLcbiomI Alt 
ol C>ciitio 

Co Int ^ Alt 
or obscived} 

Roductlcin 

to 

So1$tkc-t 

Dec 24 
20 
29 

i4« a 68" 33 
14 14 25 25 
14 23 27 0 

48» 5 
5 38 0 
4 66 7 

2'40'2 

0 42 04 
0 30 9(> 

0" 

0 

—7 0 

20 06 
20 40 
29 06 

•10 

46 

~3 42'3 
-3 43 07 
-3 43 02 

+B"(I0 
4-8 00 
-hO (30 

140 0' 4" 03 
14 14 32 02 
14 20 163)4 

230 20' 4" 17 
23 22 30,18 

n 18 60 00 



Co-latitude =; 37“ 9^ 


■ 

VjijifluntOblUj 

= S -I' ^ 

Luimi 

1 quat 

Solar 

LqmU 

hint 3 
LUjIihIc 

ncdtic to 

0 

Mean ObKqidtyi 

IDcc 24 

1 

1 20 

23® 27' 41" 80 
23 27 44 44 
23 27 44 40 

-0"0I) 
r-0 03 
-0 00 

—0'42 
i— 0 41 
—0 38 

1111111^^^111 

iii^Bp, ^ n IP 

i —0 01 

—0 00 

—0 00 

23 27 44.78 
23 27 44 22 

123 27 44 2<t 


Mean Obliquity from these Obaervattons , . » 23 27 44 41 
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4f. As a thud example, to illustiate the method of deducing the obliquity of the ecliptic 
fioin solstitial obseivations without leference to the latitude of the place, we will avail om- 
selves of Mr Gioombiidge’s obseivations made at Blackheath in the years 1818 and 1819, m 
the months of June and Decembei in each yeai, winch, when i educed, will stand thus 

Trans, of London, 1820.) 


Example B. 


J'uTie^ 1818 Zen, dist of the observed 
solstitial point 

Nutation H- 7",40 
Parallaic 4 11 
Sim's lat — 0 ,52 


28^ 0' roD 


h 2 77 


Deceinljer, 1818 

Nutation 
Parallax 
Sun's lat 


p 

* 


Z = 28 0 12.70 


74 60 6 07 


8" 04 
8 46 
0 49 


n » 


17 68 


2fi z=. 74 66 47 49 
Z 28 0 12.70 

Z - Z = ^66 34 73 
Z 


At the vernal cqmnox iLZi" = 23 27 47 30 = 




2 


^'+? = 61 28 0 12=;Z 
2 


Juno> 1819 


Nutation -1- 9'^23 
Paiallax — 1 11 
Sun's lat — 0 50 


Deccmhci, 1819 , 

Nutation 
Parallax 
Sun's lat 


9",00 
8,45 
0 53 


4 « « 


Z' 

z 


20'* O' 9" 19 


h 4.02 


Z =: 28 0 13 01 


■“(I 


74 66 47.22 


« • 


18 68 


74 66 47.22 
28 0 13.81 


ih * iPii < 


Z' ~ Z =: 40 66 33.41 
Z'-Z 


2 

Z' + Z 
2 


23 27 40 70 = w 


61 28 0.61 = L 


From the mean of several observed stars the latitude ivas found rs 61 20 2 18 


i J Nf ^ 






f ClI RECENT DETERMINATION OP THE CONSTANT OF ABERRATION 

1. Since the preceding poition of this Volume was punted, we have boon favouicd With a 
copy of the constants of aheiiation lesulting fiom 4<119 Gieenwich obseivations, as deduced 
by "W. Richardson, one of the assistants at the Royal Obsoivatory, in computing which he 
employed the constants of natation deteimmed by Di Biinkley at the Dublin Obseivntory, 
and. ptiisued the same piocess pointed out in the Right Revciend Pi date’s communication to 
the Royal Society of London, m tlie year 1821. By taking a mean of all the obseivations by 
bo til circles, and assigning to each obseivation its own weight, the compulci hnds that, though 
diffeient stais seem to have then appiopiiate constants of abeiiation, the mean of the whole is 
20".AOS5, 01 neaily a quaitei of a second gieatei than has been usually adopted. > 

2 This conclusion accords with the assumption of Mi. Heischel, who in his “ Tables 
Jot' computing the apparent places of the forty foui prmclpaljixed stars,” adopted 20".5 5 and con- 
seqviently the factoi, which we have given in page 471 of our Appendix to Vol. I., viz. log 
O .00522, 01 Nat. No. 1.0121, will be propei foi using with oui Tables. The subjoined 
Table, which was at the same time communicated to the Astionomical Society, will explain its 
owp. contents. 
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UlBULlS BY TROtjamOW^S 

Bl-rBULiS By JoKJ s’ 

1 

1 

Names of the StRis 


ClRCLl 


ClllCIiH 

flrenu oJ the i 
t\%o CbcJcs ' 



-------- - 



... ' 


Const mt of 

No of 

CoiHt ofAbor' 

Constant ot 

No ot 

Const of Abel 



Ahpuatlun 

Ob? 

K No of Obs 

1 Abciintkn 

OU 

X N04 of Obs 


y Cassiopeia' » • i 

20" 107 

80 

lOKTOOO 

20'408 

no 

” " . . ^ 

1032' 040 

20" 273 

Pokua * « . 

20 210 

100 

3280 380 

20 213 

152 

3072 370 

. 20 230 

by llcfractiou 

20 300 

73 

1408 470 

20 201 

72 

1464 472 1 

20 208 

S P . o , 

20 707 

150 

3116 060 

20 873 

150 

3145 060 

20 070 

1 by llcfiactiou 

20 427 

70 

1420 iMOO 

20 286 

02 

1267 070 

20 358 

1 y XJlSEtt MftJOUS , 

20 723 

1)0 

1067 040 

20 604 

00 

1047 620 

20 058 

1 ^ 1 4 M* * » 

20 U1 

80 

1082 000 

20 676 

GO 

1010 100 

20 404 

^ f « » t 1 1 ' 

21 020 : 

8l) 

1082 240 

20 733 

80 

1068 040 

20 080 

y Diftcoms 4 

21 050 

80 

1081 720 

21 430 

BO 

1711 BOO 

21 247 

0 Uisii, Hmoiis * 4 

20 021 

80 

1073 020 

21 112 ' 

BO 

1088 000 

2l 010 

t* Diacoins 4 >44 

20 077 

210 

4038 480 

20 460 

240 

4000.440 

20 618 1 

y Lyim i 

20 400 

IGO 

»201 480 

20 821 

100 

3261 040 , 

20 301 

by Bofiartion 

20 207 

35 

70!) 316 

20 712 

32 

(102 m 

20 490 

, 1 ? 44 4 

20 14G 

00 

leil 000 

20 424 

80 

. 1033 020 

20 285 

5 Diacorns » 4 . . 

20 507 

100 

8206 620 

20 878 

100 

3200.100 

20 487 

y CyglU M 44 4 

20 354 

123 

2603 612 

20 112 

128 

2674 830 

20 233 

by UefiuoUon 

20,359 

00 

1028 720 

20 732 

BO 

1060 600 

20 54t> 

1 y Ccplioi. 

20 373 

137 

2701 101 

20 206 

182 

2074.080 

20 310 

■ ^ t t 1 n If 

20 300 

118 

2406 618 

20.358 

126 

- 

2644 760 

20 872 


300 074 

2088 

42300 748 

300 201 

2063 

42080.038 

880 033 


20 604 


20,505 

i 20 542 


20 602 

20 523 




Total mir 

ibci of Obs( 

Rvatioiu 

, . 

( 4110 ) gives 

20 5036 
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PlncLS 

« ■ -- 1 — , - 

bntitiulos 

LonfKlliulcs 
in Time 

LongUiulcs 
in Ai a, 

Aatrononiois, 

Stations 

A.]jo f * * * 

00“ 

27’ 

7"N 

P' 

29"^ 

10»B 

22* 

17' 

30" 

Wnlbeolt 

Obsck valory 

Akxanchia ' 

31 

13 

5N 

1 

69 

41 E 

20 

55 

16 



Aitona . 

53 

52 

61 N 

0 

39 

60 B 

t) 

57 

30 

Sclmmacliei 

Obaoivatoiy 

Amstot (km , 

52 

22 

17 N 

0 

iO 

33 E 

4 

53 

16 



Aicbangol , 

04 

34 

ON 

2 

42 

62 E 

40 

43 

6 

1 

Royal Arseiinl 

Ainingh * **, , 

54 

21 

16 N 

0 

20 

30 W, 

1 0 

87 

30 

Uobinaon 

Observatory 

IkgGnd 4 4 

33 

19 

40 N 

2 

67 

30 B 

44 

24 

46 



Baicclona 

41 

21 

44N 

0 

B 

40 W 

1 2 

9 

67 


Tower of Moimtjey 

Batavia * ,, 

6 

9 

OS 

7 

7 

27 K 

100 

61 

46 


Observatoiy 

Bedford, 4 , 

i 62 

B 

40 N 

0 

2 

40 E 

0 

27 

12 

Capt Smyth, B N 

Observatory 

4361^011 f 1 

CO 

23 

40 N 

0 

21 

23 B 

5 

20 

45 

J3ohi 

w 

* Bcilm * 444 

62 

31 

46 N, 

: 0 

68 

20 E 

13 

22 * 

16 

Encke (ktc Bode), 

Observatory 

"^Beuio,,) 4^4 

40 

60 

65 N 

0 

20 

46 B 

7 

20 

15 

Trescliel 

1 

Blackman Sttcct. 

51 

30 

3N 

0 

0 

21 fW 

0 

5 

2b 4 

South 

Observatory 

Blenheim ,, • 

51 

50 

25 N 

1 

21 

ow 

0 

5 

24,4 

Intle Duke of Blailborough 

r 

Bologna , ,, 1 » 

44 

30 

12 N ! 

0 

45 

20 E, 

11 

21 

30 

[ Caturegli, 


Bordeaux . 

44 

50 

14 N 

0 

2 

JOW. 

0 

33 

60 



^ Bicinon ,, . 

1 

53 

4 

38 N 

0 

35 

12 E 

0 

40 

0 1 

Olbors, 

Observatory 

Bresku . , 

51 

0 

30 N 

1 

B 

9B 

17 

2 

13 


w 

^ Brest 4 4 4 

4B 

23 

14N ^ 

0 

17 

35 w 

4 

2B 

45 

! 


Brunswick , 

62 

10 

29 N 

0 

42 

8E 

10 

32 

0 



Brussels , 4, , 

60 

60 

60 N 

0 

17 

20 E. 

4 

22 

15 



Biuk 

47 

20 

44 N 

1 

10 

10 E. 

19 

2 

30 

Kmeth 

Observatory 

Bushey Heath 

61 

37 

44 N 

0 

1 

21W 

0 

22 

16 

(Late Col Bcanfoy) 

Observatoiy* 
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I alitudea 

Longitudes 
in J line 

LongUados 
in Ai c. 

1 

AstiononicLs 

! 

b t 4 * « 

BOO 

82' 

0’'N 

0»* 

26™ 

10^ W 

0« 

17' 

30" 


*■*1 < « 

ao 

3 

1) N 


5 

35 E 

31 

18 

46 

Ruppcll 

i 4 4 t > 

22 

31 

ION 

5 

53 

44 E 

80 

20 

0 

t 

ITT" 

02 

la 

50 :±: 

0 

0 

2i) 6E 

0 

5 

53 

Airy (late Wooclhouse) 

UIopo 


05 

42 N 

1 

13 

32 E 

10 

23 

0 

* ' -m -m T ^ ^ 

Fallows 

1 1 4 

01 

10 

20 S 

0 

30 

21 E 

0 

35 

16 


1 t 

OD 

51 

ION 

0 

43 

1 E 

10 

45 

16 

Hans teen 

» M t 

50 

15 

17 N 

0 

43 

64 F, 

10 

58 

30 

Opitz and Gob el 

1 » 

dO 

12 

aoN 

0 

33 

SOW 

8 

24 

42 

plo . 

41 

L 

27 N 

X 

55 

41 E 

28 

50 

16 


cn « 

86 

41 

4N 

0 

50 

20 E 

12 

36 

0 

Scbiiniacliei and Ur sin 

1 A > 

60 

3 

so N 

X 

10 

40 E 

10 

07 

9 



00 

02 

21 N 

0 

31 

62 E 

8 

43 

1 

Tralles (pro tempore), 

P 1 M f f 

04 

20 

40 N 

% 

14 

32 ID 

18 

30 

6 

\ 4¥ 

40 

40 

12 N 

0 

4 

33 E 

X 

a 

15 

Nell de Breant6 

Ml * 

47 

19 

26 N 

0 

20 

3E 

5 

2 

5 

Vallot 

t 11 4 

50 

22 

47 N 


40 

48 E 

20 

42 

0 

Stiiivo 

1 I » f • i 4 

61 

3 

33 N 

0 

54 

67 F 

13 

41 

16 


I * 4 4 

1 0» 

2a 

13 N 

0 

25 

22 W 

0 

20 

30 

Ilaimltoii (late Brinldey) 

h . 

05 

6<I 

12 N 

0 

12 

41 W 

3 

1 

10 

15 

Walliice 

4- 1 f 

1 40 

24) 

ION 

0 

67 

4135* 

14 

20 

15 

Bouvard (ino tempore) 

P1 * M lit 

40 

40 

41 N. 

0 

45 

3E 

It 

15 

45 

Ingluiama 


60 

7 

30 N 

0 

81 

24 E 

8 

3a 

0 

It 1 * 4 1 

4(1 

12 

0 N. 

0 

24 

35 E 

0 

8 

45 

Gautier 

1 t 4 

4 1 

25 

0 N 

0 

35 

62 E 

8 

60 

0 

Late ilaoh. 

1 4 

65 

51 

32 N 

0 

17 

4 W 

4 

10 

0 

Ure 

Mil 

00 

00 

U N 

0 

42 

60 E 

10 

44 

0 

Hansen 

1 1 K 

5J 

3L 

60 N 

0 

40 

17 E 

0 

60 

46 

Harding and Gauss 

« i 

01 

20 

40 N : 

0 

0 

0 

0 

0 

0 

Pond 

t 1 « f 

43 

7 

2 N 

0 

21 

32 E 

0 

7 

65 


4 

luidctermined 

0 

0 

40 *aw 

1 ^ 

11 

42 

South 

P 4 

01 

20 

10 N 

0 

1 

10 w 

0 

17 

30 


i 1 

51 

2H 

»7 N 

0 

1 

3 W 

0 

16 

46 

(Ohm Bradley ) 

rg . . 

0 1 

12 

12 N 

1 

21 

57 E 

20 

20 

16 

Bessel 

40 

33 

ON 

0 

41 

7 35 

10 

10 

15 


« 4 4 4 * 

01 

20 

10 N 

0 

40 

27 E ! 

12 

21 

15 


4 

52 

0 

80 N 

0 

17 

67 35 1 

4 

20 

13 

Molt 


50 

0 

30 N 

0 

35 

37 35 

8 

64 

15 

Sh rooter. 

1 1 

!2n 

42 

24 N 

0 

dO 

30 w ! 

0 

7 

30 


1 1 

4 4 

51 

10 

»o Ti} 

4 tTKal^N 

0 

% 

0 

21 

23 1 

J 

% 35 

0 

00 

5 

22 

17? 

0 

. { 

^oliUngham* 

• M 1 

40 

21 

07 N 

0 

14 

40 W 

3 

42 

13 

Bau/a 

1 t It 

do 

03 

0 N 

0 

63 

2 35 

14 

30 

35 


1 

40 

20 

Iw N 

0 

83 

52 35 

0 

28 

0 

Nieolnu 

f 1 t I- 

4!) 

64 

2UN 

0 

42 

13 E 

10 

34 

27 

Pons 

t 1 1 # 1- 

43 

17 

49 N 

0 

21 

20 35, 

6 

22 

16 

Gambart 

* 4 » 

10 

25 

46 N 

8 

30 

21 W 

90 

6 

16 


4 « • 

46 

2Q 

2N 

0 

ao 

47 E 

0 

11 

46 

Ccsaiis Oriani. Carlim 

Ml # t 

iO 

0 

7N 

0 

7 

30 E 

1 

62 

20 


1 4-# 4 

00 

00 

ON 

L 

34 

64 E 

23 

43 

27 


i 

44 

il4 

ON 

0 

43 

41 J5* 

10 

65 

15 

Amioi 

L 4 44> 4 

44 

0 

66 N 

0 

5 

28 E. 

1 

20 

45 


cr .* 

4» 

on 

30 N, 

0 

15 

31 E. 

: 3 

52 

40 


50 

45 

45 N 

2 

30 

12 E 

37 

33 

0 


i M 

4a 

0 

20 N, 

0 

40 

26 15 

11 

30 

30 

Soldiier 

i * 

40 

50 

16 N 

0 

07 

' 6E. 

14 

10 

15 

Bnoschi 

f 1 1 

40 

50 

ON 

2 

0 

1 E. 

32 

0 

15 

Kiiorie 

w 4 11 

40 

50 

10 N 

0 

17 

27 E. 

4 

21 

26 

Valis 

4 4 4 

40 

20 

65 N 

0 

44 

17 E 

n 

4 

16 

Rigaud 

4 #14 

OT 

40 

30 N 

0 

5 

1 W* 

1 

15 

22 

*4 4 ■* 4 

40 

aa 

24 

a 

2N. 
44 N 

0 

0 

47 

53 

20 E. 
20 E 

16 

18 

61 

22 

32 

OE, 

Santini 

Cacciatorc (lato Pia/H} 

■ 1 ■ * # ■ t 

33 

43 

45 S 

10 

4 

5 E, 

16 

1 

16 

Sir T Bnsbane Rumlcer 

4 14 ft* t 

4 1 4 1 

40 

50 

34 N 

0 

9 

21 E. 

2 

20 

16 

Arago Bouvaid Nicollet 

h 1 a. ^ A k 

40 

51 

33 N 

0 

0 

G 1 E 

2 

17 

2 

South 

V f r V ■ P 

1 1 1 4 4 • f^l 

1 45 

1 

10 

47 N 

1 ° 

36 

30 E, 

9 

0 

40 

Oriani. 


Stations 


Obsei vatory 
Gaidcn of Asclin« 

Observatory 
ObsQj vatoi y 

Small Obaci vatory 


St Sophia 


Light House 


La Clmpellc 


Obsei vatoi y 
Salon Matheinatiqiie 
Obsei vatoi y 
Obscrvatoi y 
Village Steeple 


Obsei vatoi y 


Observatory 
Scebcig Obsei vatory 
Obsei vatory. 
Royal Obsei vatoi y 

Obsei vatoi y 
Ragocin 
Village 
Obsei vatory 


Obsei vatory 
St PauFs 

St James^Sj Piccadilly 
Flagstafl 
Giand Spiare 
Valetia Observatory* 
Obser vatoi y 
Royal Observatoi y 
Obaoi vatory 

Obsei vatoi y* 

I Obsei vatory 

I 

i 

Observatory 
j Obsei vatory 

I Observatory 

Bogenhauseii Observ 
Obsei vatoi y« 
Obsei vatoi y 


Obsei vatory. 

Observatory 

Observatory 

Observatory 

Observatory 

Observatory 

Observatory 
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1 J MtuUs 

1 oii^itiuks 

III iiim 

Loiigitiulcs 

liwVic 

Pekm . . 


64' 

1.) 

"N 

7" 

45'“ .51' 


IW 

27' 

45" 

^ Potushuigh 

50 

60 

23 

N 

*2 

1 

16 

E 

30 

13 

45 

Phladolphia 

m 

60 

65 

N 

5 

0 

40 

W 

75 

11 

30 

Pisa 

45 

45 

11 

N 

0 

41 

30 

E 

10 

24 

0 

Plymouth , 

50 

23 

20 

N 

0 

1(1 

29 

W 

4 

7 

10 

Pol Umoulh 

60 

40 

3 

N 

0 

4 

31 

W 

1 

5 

59 

* Plague . * 1 . 

60 

6 

ID 

N 

0 

67 

41 

K 

14 

26 

16 

Quebec *♦ « , 

40 

47 

40 

N 

t 

44 

30 

W 

71 

9 

46 

Quito * » » 

0 

io 

17 

H 

5 

15 

0 

W 

78 

45 

0 

Rntisboii ^, 

40 

0 

53 

N 

0 

43 

18 

E 

12 

4 

30 

Kichmond , , 

61 

211 

a 

N ' 

0 

1 

15 

W 

0 

18 

46 

Riga * 

50 

50 

47 

N. 

1 

30 

31 

E 

24 

7 

46 
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41 

53 

64 

N 

0 

40 
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E 

12 

28 

15 
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60 

17 

41 

N 

0 

44 

3 

K 

11 

2 

0 

Slough 

51 

30 

20 

N. 

0 

2 

2t 

W 

0 

30 

0 

South Kilwoith 

53 

25 

61 

N 

0 

24 

25 

w. 

1 

G 

30 

St G«ll. 

47 

25 

40 

N 

0 

37 

30 

E 

9 

22 

15 

Stockholm , , 

60 

20 

31 

N 

1 

12 

14 

E, 

10 

0 

30 

* Sti ashing , 

40 

34 

50 

N, 

0 

30 

57 

E 

7 

44 

16 

Tpulouso 1 • , 

45 

35 

40 

N 

0 

5 

40 

E, 

1 

2G 

30 

Tubingen , 

40 

31 

10 

N 

0 

30 

14 

E 

9 

3 

30 

Turm , 

40 

4 

0 

N, 

0 

30 

41 

E 

7 

40 

16 

Upsnl ♦ 

50 

61 

50 

N 

1 

10 

30 

E 

17 

30 

0 

Uiambmg,, 

65 

64 

33 

N 

0 

50 

62 

111 

12 

43 
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Utrecht • , 

63 

5 

31 

N, 
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20 

20 
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6 
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45 
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0 
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24 

E 

12 

20 
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20 
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N. 

0 

44 
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E 

It 

1 

16 
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40 

12 
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5 
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E 

to 

22 

46 
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44 
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70 

22 

30 

N, 

2 

1 
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46 
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11 

21 
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41 
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41 
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17 
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47 

32 

33 
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34 
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0 

31 

30 




Astionomei 


Piazzmi 

Inman Burma 
Biela 


Stations 


Imperial Observatory' 
Ditto 


New Church* 


Deraambry 

Keussler 

Ciccolmi,Calandrelh Conti 

Uerachcl (late Sir W ft) 
Pearson 
Schtrer 


{ 


HornscJiJieider 
Kramp, Sclumdt 

Plana, 

(Ohm) Tycho Brahe 


Gagnoli, 

Littrow 

Plangergues 


King’s Obsenatory* 
Observatory 
JR Oman College 

Observatory 
Bcctory House 
Obsei vatory 


Slmvmskij &.c 
IIoi ner 


Observatory, 


Observatory 

St Mark's 
Observatory 
Observatory 
Observatory 


Ohseri atorv 


At those places to which an asleiisk is piehxed, the solar eclipse of Sept. 7t 1820, ii-as 
obscivecl} and sevcial of them had thou longitudes collected theieby as given in this list, 
CAnnales de MalJiemaUgues, Tome IX. ji. 118 Zwh’s Cor t espondence, Aslt on. passm ) 


I 


§CIU CONCLUSION 

1 . Wi. have now anlved at that stage of oiu woik, which authonzes us to take leave of 
our leadcis, and places us in a situation of imploring then indulgence for the increase of mat- 
tei, that oifeied itself to our notice, as we advanced, beyond our original expectation The 
impiovementsin Piactical Astionomy have lately made lapid stndes, imposing upon us the task 
of attempting to keep pace with them • and wc aie aware, that many sections might have been 
added to tins ponderous volume, such as the methods of detei mining by observations the 
paialUxes of the vauous pUnetaiy bodies, and tiience their distances, &c , but as these in¬ 
teresting subjects aie tieated of in most of the theoietic treatises on Astionomy, the omission 
Will leadilybe dispensed with. 


4x2 


CONCLUSION 


' On taking aietiospective view of our successive desciiptions of astiononucal instiu 
, we cannot help lemaiking, that the giadual irapiovements in then constiuction have 
accompanied by coiicsponding discoveries, and incieascd accuiacy in making and le- 
T the vaiious obseivations. In no other bianch of natuial and cxpeiimental philosophy, 
mechanism of human coiiliivance and accomphsliment, is so much ingenuity displayed, 
he const! action of modem hoiological and astionomical insluunents. 
t. The clock and the chionomeiei, as now constuicted, aic each an assemblage of the 
ingenious inventions, confciimghonoiu on then vauous inventois and unproveis, thiough 
succession of ycatsj the telescope penoiiatcs beyond the oidinary limits of space, and 
its to the human eye the images of objects, concerning the existence of winch wc must 
wise have lemained m iitlei ignoiancc, the leading micioscope enlaiges and subdivides 
ities so small, that the human eye, unassisted, could not liave appreciated oven a laige 
onal pait tbeieof, the limbs of ciicles have boon giaduatcd and subdivided with such 
teness, and at the same tunc with such accuiacy, that the delicacy and equal distances 
e dividing stiokes can only be leudcied visible by optical contiivanccs, the miciomctcis, 
neasuie magnified angulai distances too diminutive to bo lofciicd to a divided limb, aie 
luctcd with a piecision, that astonishes the incxpenenced obseivci, and a gieat vaucty 
osc delicate instuunenls, diffbieiit in piinciple, as well as dissimilai in construction, 
ally coDcm in effecting smnlai icsulls. The methods too, by which the due positions of 
aigei inatiumcnts aio asccitamed, icgulaled, duected, and fixed, all depend upon the 
ingenious contrivances j and the adjustments aic not only effected, but watched also, by 
lamcal aibiteis both sensible and vigilant. 

4. 'When the piactical Astionomer has proved, and can confide m his vaiious and delicate 
nces, hia mind, like his telescope, is pointed to Heaven, and lus soul is wiapped up in the 
eraplation of objects, that piovc beyond contradiction the immutability of those laws, by 
'll the Omnipotent Cieatoi upholds, actuates, and diiccts the luminous bodies composing 
solai system, Whenevei he delects a glmmg discicpancy in his compaialive obseivations, 
1 the eirois of his clock, he aiiaigns not the heavenly bodies, oi the earth on which he 
ds, as subject to move nndci the misguidance of capi icious laws, but suspects his owu im- 
ect poweis, 01 the tendency of matciial mechanism to change its position or dimensions, 
/aiiations of tempeiatuie, and a lepetiLion of the ohseivation, stamps conviction of the 
h of such supposition on lus mind in chaiacters indelible. He finds in oveiy lailuie a 
of of human impotency} but in the geneial agreement of all Ins successful efibils, dis- 
eis a legulating powei infinitely gieatci than his own, and paiticipates m tile leohngs of 
poet, who, considering that a complete Obseivatory displays the subhmest woiks of both 
d and man, thus expiesses his admiiation— 

** tiutlia sublimcj tind sacred science cliaim, ^ 

Crcativo arts new faculties supply , 

Mechanic powci s give more than giant*s arm , 

And pioicmg optics moic than eaglets eye,—• 

Here man explores Creation’s wondrous laws, 

That teach him to adore the Grhat DHsxGNiKa Oaxjsis ” 

_ THE END, 

G Wood Mil Prlnterj 

Jig cl Skinner StreaW I^iondon ^ 
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I Fio* 1 Plan of Smcaton *3 Dome 2 Section of diUo 3 Emg witli Bolleis* 4 Section of a Roller and 

ojienmg 6 Pcoi^on'b Dome fl Section of Opening Doors 7 Smeaton’s Block with Parnllftotic 
motion 
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Object-glass Micrometei 4 Direct Dioptuc Double-image Micrometer by Bamsden and Dolloud 6 
Dollond's Cijstal Microractei 0 A Section of ditto 
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the Quick and Slow Motions 6 Sir W Ileisohcrs Newtonian Stand 7 Tullev's Newtonian Stand 
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Clock- woik 2 The Eye-piecc Illuminated 3 Lamp for the Illumination 4 His Net-mieiometei 
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b\aTY 4 Pioqiiig Fiamo scon endwise 5 System of Pulleyb foi moving the Galleiy 6 Pulleys 
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pci end of the Stand 9 JO 11 and 12 View and Sections of Tioughtoii’s Reading Microscope 13 
Pearl Dynametor by T Joim 14 and 15 Uoublc-image Byiiametei by T Jones 16 TIio Peail DibC 
and its nimgc in contact 17 and 18 Dynamctei as made by G Dollond 
Pig I Small Zomth Telescope with l^lumb-lnio 2 Polai Tnstiuinont by Ramsden 3 Adjustment of tbo 
Evcontiic Motion 4 Fixed Telescope at Giecnwich 6 Object-end and hinged Cap of tlio Telescope 
Fig 1 Lamp nucioinetor of Su W Heisohol 2 Equal AUitiulo Instiuraent mounted on a Tiipod 3 Its 
Zenith position with a I\IiciometPi for moasuuiig Zenith distances 
Fig 1 Tiansit Instilment on a Single Pioi 2 End view of the saino 3 BoUond*sLantern npnltbd to it, 
hut hero detached 4 A Ring of brass with a Diamctiical Bar foi obsciving a small Stai*s passage in 
the dtCilc 5 Haidy's Bseapoment 6 7 JJ cmd 0 The actirjg paits dctaclicd foi explanation IQ 
Mercurial Pendulum without the Rod 
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Pig 1 Giconwich Transit Instillment hy Tionghlon 2 Side view 3 A Section of the Double Cone along 
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duated Circle and lending Microscope 7 0 Diffcicnt views of the observing Chair oi Couch 

Transit Circle by Tioughton as used hy Mi Qioombudgc 
Piiu/^i's Altitude and Ayimulh Ciiclc by Ramaden 
Alt Undo and Aislmuth Gu cle by Trongliton 

Fig 1 Pxont elevation of Tiougblon’s Giecnwich Cnclc 2 Side elevation of the Circle, and wall holding 
the Zenith Micronielor 

Fig 1 IIoi wontal Collimatoi hy Captain Katoi 2 Ills Vcitical Collimator 3 Diagiain foi explaining its 
iiise 4 Plan of Amici’s Miciomotcr 6 Longitudinal ScUion of the same* 

Pig I Ciicuhu Instiumcnt by Reichenbaoh erected at Naples 2 Side view and Section of the Ilonzontal 
Axes 3 The Hanging Level 4 Its End-picce and invcited Y of suspension* 

Fig 1 Repeating Altitude and A/imutb Cnclo by Troughtoii 2 New poi tabic Altitude, Zenith, and Azi¬ 
muth Cntlo 3 Telescopic Microscope foi leading the Vcinieis at the distance of somo inches 
Fig 1 G* Dollcmd’a Repeating Altitude and Azimnlli Cnclo 2 Wcatbuiy Ciiclo by Tioughton 
An Eqna tonal IiiBtnuneiit made foi Coimbin by Trough ton 

Pig 1 Section through the Axes of Ramsdon^s Zenith Sector 2 Elevation of its intoiior fiamc 3 Sec¬ 
tion ol the DiaphiagiUt 4 Section of the Axis 6 Ilorivoiilal view of the end of the Telescope niul 
Mieromctci 6 Bottom of the internol frame 7 Top of the cxtcinal stand 

Pig 1 A general view of Ramsden's Sector as mounted 2 GialWs Zemth Sector 3 Tioughton's Zenith 
ScLtoi on a Tiipod 

Fig 1 Rordas Reflecting Chclc 2 Mendo^sa^s ditto 3* Payior^s ditto 4 Trough ton's 5 Ditto in- 
vcitcd* 

Pig 1 Dollond s old Object glass MicronietoT* 2 Cucular Spiut Reflector 3 DaiIc Glass Reflector with 
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ihoughtaus Astionoraical Quadrant 7^ Repeating Tupod 8 Sextant of Ramsden*s constinotion 
Projection of the Solai Eclipse of May 16, 1036 

Fig 1 Diagiam foi illustrating by Con&fernfptlpn the Second Method of Computing the Occultatioii of a Star 
by the Moon 2. Diaginm for illustrating the Fourth Method 3 Map of the Solar Eclipse of May 
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